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Abstract	  
In	   this	   research	  we	   investigate	   the	   evaluation	  of	   usability	   evaluations	  methods	   (UEMs).	   In	  
particular	  we	  are	  concerned	  with	  evaluating	   their	   suitability	   for	   the	  evaluation	  of	   location-­‐
aware	   systems.	   Not	   all	   approaches	   for	   the	   evaluation	   of	   UEMs	   have	   been	   extensively	  
validated	   for	   such	   types	   of	   dynamic	   interaction,	   while	   their	   application	   is	   not	   clearly	  
documented.	   We	   overview	   the	   strengths	   of	   the	   current	   approach	   and	   suggest	   how	   to	  
improve	  them.	  
We	   examine	   navigation	   systems	   as	   examples	   for	   issues	   with	   location-­‐aware	   systems	   in	   a	  
contextually	   rich	   environment.	   The	   setting	   is	   very	   different	   to	   a	   traditional	   desktop-­‐based	  
application.	   Take	   the	  use	  of	   the	  navigation	  device	   for	   example.	   It	   is	   a	   secondary	   task;	   the	  
primary	  task	  is	  to	  safely	  drive	  the	  car.	  The	  interface	  is	  continuously	  changing	  to	  adapt	  to	  the	  
current	   location	   of	   the	   user.	   The	   user	   navigates	   in	   a	   complex	   dynamic	   environment	  
encompassing	  various	  stimuli	  and	  unpredictable	  external	  factors.	  
We	  present	  in	  the	  thesis	  a	  methodological	  and	  systematic	  way	  to	  approach	  the	  evaluation	  of	  
UEMs.	  A	  comparative	  study	  of	  analytical	  and	  empirical	  techniques	  was	  carried	  out,	  to	  assess	  
them	  in	  identifying	  usability	  problems	  within	  both	  static	  and	  dynamic	  contexts	  of	  use.	  Four	  
analytical	   methods	   (CW,	   UAN,	   EMU,	   and	   Design	   Guidelines)	   and	   one	   empirical	   were	  
compared.	  	  
In	   this	   thesis,	  we	   validate	   the	   existing	   classification	   scheme	  of	   Blandford	  et	   al.	   (2008)	   and	  
highlight	   relevant	   issues.	  We	   present	   an	   alternative	   systematic	   approach	   building	   on	   this	  
scheme	  (CoHUM),	  and	  its	  shortcomings	  with	  dynamic	  systems.	  We	  show	  how	  a	  rigorous	  and	  
systematic	   error	   analysis	   identifies	   phenotypes	   as	   the	   outcome	   of	   empirical	   techniques,	  
whilst	   genotypes	   are	   the	   outcome	   of	   analytical	   techniques.	   Finally,	   we	   present	   new	  
dimensions	   that	   previous	   literature	   had	   not	   identified	   for	   the	   evaluation	   of	   UEMs.	   This	  
research	   will	   help	   future	   researchers	   by	   providing	   them	   with	   a	   stronger	   methodological	  
approach	  for	  comparing	  UEMs	  and,	  in	  particular,	  categories	  of	  UEMs.	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Chapter	  1. Introduction	  
It	   has	   always	   been	   a	   challenge	   for	   a	   researcher	   to	   choose	   the	   appropriate	   evaluation	  
approach	  and	  to	  know	  how	  to	  compare	  effectively	  such	  alternative	  approaches.	  We	  present	  
here	   a	   methodology	   on	   how	   to	   go	   about	   comparing	   usability	   evaluation	   methods.	   We	  
investigate	   the	   use	   of	   such	   a	  methodological	   approach	   in	   the	   domain	   of	  mobile	   systems.	  
Such	  systems	   (mobile	  phones,	  car	  navigation	  systems,	  etc.)	  are	  widely	  used	  nowadays	  and	  
their	   design	   constitutes	   a	   significant	   challenge,	   as	   their	   behaviour	   and	   subsequently	   their	  
usability	  is	  influenced	  by	  their	  surrounding	  dynamic	  environment.	  
	  
1.1 Research	  problem	  
Human-­‐Computer	   Interaction	   (HCI)	   strives	   to	   improve	   the	   experience	   of	   users	  while	   using	  
computer	   systems.	   HCI	   supports	   the	   study,	   design,	   implementation	   and	   evaluation	   of	  
computer	  systems.	  In	  the	  HCI	  literature	  there	  are	  a	  variety	  of	  methods	  and	  techniques	  that	  
can	   be	   used	   for	   the	   usability	   evaluation	   of	   interactive	   systems.	   The	   selection	   of	   the	  
appropriate	  method	  depends	  on	  various	  factors,	  such	  as	  the	  phase	  in	  the	  development	  cycle,	  
involvement	  of	  users,	  cost,	  and	  class	  of	  usability	  problems	  considered	  to	  be	  of	  importance.	  
The	  choice	  of	  the	  appropriate	  method	  has	  also	  been	  a	  challenge	  when	  evaluating	  interactive	  
systems.	   The	   advantages	   and	   disadvantages	   of	   each	   method	   need	   to	   be	   weighed	   before	  
taking	  an	   informed	  decision	  on	  what	  method	  to	  use.	  Another	  challenge	  arises	  at	  this	  point	  
relating	   to	   the	   criteria	   that	   each	   method	   needs	   to	   be	   assessed	   against	   and	   the	   overall	  
methodology	  that	  needs	  to	  be	  followed	  to	  carry	  out	  an	  appropriate	  comparison.	  
In	  the	  work	  reported	  here,	  we	  take	  a	  particular	  interest	  in	  comparing	  methods	  as	  they	  could	  
be	   potentially	   applied	   to	   the	   interaction	   that	   occurs	   between	   users	   and	   location-­‐aware	  
systems.	  The	  setting	  is	  very	  different	  to	  a	  traditional	  desktop-­‐based	  application.	  Take	  the	  use	  
of	  the	  navigation	  device	  for	  example.	  It	  is	  a	  secondary	  task;	  the	  primary	  task	  is	  to	  safely	  drive	  
the	  car.	  The	  interface	  is	  continuously	  changing	  to	  adapt	  to	  the	  current	  location	  of	  the	  user.	  
The	   user	   navigates	   in	   a	   complex	   dynamic	   environment	   encompassing	   various	   stimuli	   and	  
unpredictable	   external	   factors.	   Most	   importantly,	   the	   degree	   of	   usability	   of	   a	   navigation	  
device	   has	   a	   direct	   impact	   on	   driving	   safety,	   due	   to	   the	   distraction	   from	   the	   primary	   task	  
that	  might	  be	  caused.	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Evaluating	  location-­‐aware	  systems	  poses	  significant	  challenges.	  Their	  requirements	  often	  go	  
beyond	   the	   scope	   of	   traditional	   HCI	   usability	   evaluation	  methods	   and	   practices	   that	   have	  
been	  previously	  employed	  for	  desktop-­‐based	  systems.	  We	  will	  examine	  navigation	  systems	  
as	   exemplars	   for	   issues	   with	   location-­‐aware	   systems.	   This	   thesis	   seeks	   to	   explore	   the	  
boundaries	  of	  a	  defined	  set	  of	  usability	  evaluation	  methods	  and	  presents	  a	  methodology	  on	  
how	  researchers	  can	  compare	  the	  boundaries	  of	  such	  methods.	  
	  
1.2 Background	  
Comparing	  evaluation	  methods	  
Various	  case	  studies	  are	  reported	  in	  the	  literature	  with	  regard	  to	  the	  evaluation	  of	  usability	  
evaluation	  methods	  ((Nørgaard	  and	  Hornbæk,	  2006),	  (Blandford	  et	  al.,	  2008),	  (Jeffries	  et	  al.,	  
1991),	   (Gray	   and	   Salzman,	   1998),	   (Hertzum	   and	   Jacobsen,	   2003)).	   Comparisons	   between	  
methods	  have	  been	  carried	  out	   in	   terms	  of	  criteria	  such	  as	  problem	  count,	   scope,	  validity,	  
evaluator	  effect,	  etc.	  Wright	  and	  Monk	  (1991)	  also	  carried	  out	  case	  studies	  reporting	  on	  the	  
difference	  in	  usability	  evaluation	  results	  obtained	  between	  users	  or	  usability	  experts	  and	  the	  
system’s	  designers	  when	  applying	  cooperative	  evaluation	  to	  the	  same	  system.	  In	  this	  thesis	  
we	   report	  on	  a	   study	  where	  we	   take	  a	  dual	  perspective.	  We	  make	  a	   comparison	  between	  
analytical	   and	   empirical	   classes	   of	   approach,	  while	   also	   looking	   at	   the	   scope	   of	   individual	  
usability	   evaluation	   methods	   —	   specifically	   between	   static	   and	   dynamic	   environments,	   a	  
clear	   distinction	   between	   context	   of	   use	   that	   is	   discussed	   in	   Section	   4.1.	   In	   particular,	  
existing	  work	  comparing	  evaluation	  methods	  has	  focussed	  on	  static	  systems	  as	  exemplified	  
by	  desktop	  systems	  rather	  than	  dynamic	  systems	  as	  exemplified	  by	  location-­‐aware	  systems.	  
Techniques	  are	  classified	  according	  to	  their	  approach	   in	  conducting	  evaluation:	  analytically	  
when	  an	  analysis	  is	  performed	  by	  an	  expert/researcher	  to	  predict	  the	  behaviour	  of	  the	  user	  
and	  detect	  potential	  problems,	  without	  the	  involvement	  of	  users;	  and	  empirically	  when	  the	  
system	  is	  tested	  by	  users	  while	  their	  performance	  and	  problems	  are	  recorded.	  In	  Chapter	  2	  
and	  Chapter	  3	  we	  examine	  techniques	  and	  methodologies	  that	  have	  been	  used	  in	  studies	  of	  
navigation	  systems,	  while	  in	  Chapter	  4	  we	  present	  the	  methodology	  we	  followed	  in	  order	  to	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Evaluating	  navigational	  systems	  
In	  this	  study	  we	  have	  used	  an	   in-­‐car	  navigation	  system	  as	  an	  exemplar	  of	  a	   location-­‐aware	  
system,	  as	  it	  gives	  the	  opportunity	  to	  apply	  our	  methodology	  in	  a	  system	  that	  has	  both	  static	  
(planning	   tasks)	   and	   dynamic	   properties	   (following	   instructions	   and	   driving).	   We	   use	   this	  
example	  as	  a	  way	  to	  make	  our	  discussion	  of	  comparing	  usability	  methods	  concrete.	   In	  our	  
study	  the	  interaction	  included	  voice	  and	  visual	  output	  and	  haptic	   input	  with	  the	  device.	  In-­‐
car	  navigation	  systems	  and	  mobile	  phones	  are	  examples	  of	  how	  multimodal	  technologies	  are	  
increasingly	   becoming	   part	   of	   our	   everyday	   life.	   Many	   cars	   come	   with	   pre-­‐installed	  
navigation	  systems,	  while	  mobile	  phones	  are	  extended	  beyond	  calling,	  to	  functions	  such	  as	  
music	  players,	  email	  or	  even	  navigation.	  In	  particular	  with	  regard	  to	  in-­‐car	  navigation	  devices,	  
their	  usability	   is	  crucial,	  as	  badly	  designed	  systems	  can	   induce	  errors	  resulting	   in	  situations	  
where	  driving	  safety	  may	  be	  compromised.	  
Any	   activity	   that	   distracts	   drivers	   or	   competes	   for	   their	   attention	   whilst	   driving	   has	   the	  
potential	   to	   degrade	  driving	   performance	   and	  has	   serious	   consequences	   for	   safety.	  Driver	  
distraction	  is	  one	  form	  of	  driver	  inattention,	  which	  might	  lead	  to	  accidents.	  It	  can	  be	  caused	  
by	  activities	  either	  within	  the	  car	  or	  outside	  the	  car.	  Furthermore,	   in-­‐car	  distractions	  might	  
be	   non-­‐technology-­‐based,	   e.g.,	   smoking,	   eating	   and	   talking	   with	   other	   passengers,	   or	  
technology-­‐based,	  e.g.,	  using	  mobile	  phones,	  DVDs,	  TVs,	  navigation	  systems	  and	  radios.	  
The	  usability	  of	  navigation	  devices	  is	  a	  contributing	  factor	  to	  the	  overall	  safety	  of	  car	  driving.	  
As	   the	   tasks	   on	   the	   navigation	   device	   become	  more	   difficult,	   drivers	   will	   concentrate	   for	  
more	  time	  on	  the	  device	  and	  less	  on	  the	  road	  ahead	  (Victor	  et	  al.,	  2005).	  There	  are	  two	  main	  
aspects	  of	  the	  interaction	  where	  usability	  issues	  can	  be	  found.	  They	  have	  been	  identified	  in	  
the	   literature	   (Nowakowski	   et	   al.,	   2003,	   Curzon	   et	   al.,	   2002)	   as	   the	   destination	   entry	   and	  
guidance	  modes:	  	  	  
(a)	   in	  destination	  entry:	   layout	  and	  labelling	  of	  the	  control	  menus;	  audio	  and	  visual	  
feedback;	  order	  of	  entry	  of	  destination	  information,	  and	  	  
(b)	   during	   guidance:	   starting	   guidance	   and	   ending;	   display	   design	   and	   readability;	  
auditory	  guidance	  and	  timing;	  rerouting.	  	  
Visual	  and	  auditory	  tasks	  associated	  with	  an	  in-­‐car	  navigation	  system	  have	  different	  effects	  
on	  driving	  performance,	  while	  even	  the	  type	  of	  auditory	  warning	  messages	  generated	  by	  the	  
system	  can	  affect	  drivers	  and	  their	  performance	  (Jonsson	  et	  al.,	  2004).	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The	  dynamic	  environment	   in	  which	  the	  user	  navigates	  can	  also	  have	  a	  great	   impact	  on	  the	  
successful	  and	  safe	  use	  of	  such	  devices.	  The	  various	  stimuli	  and	  the	  unpredictability	  of	   the	  
environment	   pose	   challenges	   to	   designers	   and	   evaluators	   of	   such	   systems.	   Narzt	   et	   al.	  
(2004)	   and	   Curzon	   et	   al.	   (2002)	   propose	   approaches	   that	   account	   for	   the	   dynamic	  
environment	  within	  which	  navigation	  systems	  operate.	  
The	   specific	   point	  here	  however	   is	   that	  navigation	   systems	  provide	  a	   good	   system	   for	  our	  
purposes.	  They	  contain	  separate	  aspects	  that	  are	  static	  and	  dynamic	  and	  usability	  is	  critical.	  
They	  make	  a	  good	  case	  study	  for	  the	  evaluation	  of	  UEMs.	  
	  	  
1.3 Motivation	  
The	  work	  presented	  in	  this	  thesis	  was	  carried	  out	  in	  the	  context	  of	  the	  EPSRC	  Human	  Error	  
Modelling	   (HUM)	   Project.	   The	   HUM	   project	   aims	   to	   determine	   to	   what	   extent	   and	   how	  
results	  from	  cognitive	  science	  can	  be	  integrated	  with	  formal	  verification	  technology.	   It	  also	  
examines	  what	   it	  might	  take	  to	  make	  formally	  grounded,	  empirically	  tested	  insights	  readily	  
accessible	   to	  design	  practitioners,	  with	  a	   focus	  on	  understanding	  and	   representing	  various	  
classes	  of	  user	  errors	  in	  applications	  with	  safety-­‐critical	  elements.	  
Formal	   methods	   have	   been	   widely	   used	   to	   specify	   and	   exhaustively	   test	   digital	   systems,	  
especially	  safety	  critical	  systems,	  as	  they	  have	  the	  potential	  to	  predict	  and	  eliminate	  errors.	  
Various	  cognitive	  models,	   such	  as	   ICS	   (Barnard	  &	  May,	  1999)	  and	  GOMS	   (John	  and	  Kieras,	  
1996),	   are	   used	   to	   reason	   about	   user	   behaviour	   and	   attempt	   to	   predict	   problems	   in	   their	  
interaction	  with	  systems	  
We	  wanted	  to	  explore	  how	  to	  examine	  applications	  with	  safety-­‐critical	  properties,	  but	  from	  
an	   HCI	   perspective.	   We	   chose	   in-­‐car	   navigation	   devices	   as	   they	   have	   properties	   such	   as	  
multi-­‐modality,	  location-­‐awareness,	  and	  safety	  that	  are	  focal	  to	  our	  approach.	  
Formal	   methods	   have	   been	   widely	   used	   to	   specify	   and	   exhaustively	   test	   digital	   systems,	  
especially	  safety	  critical	  systems,	  as	  they	  have	  the	  potential	  to	  predict	  and	  eliminate	  errors.	  
The	   HCI	   literature	   offers	   various	   usability	   evaluation	   methods	   with	   varying	   degrees	   of	  
formality:	   from	  GOMS	  (John	  and	  Kieras,	  1996)	  a	  highly	  structured	  and	  hierarchical	  method	  
to	  Heuristic	  Evaluation	  (Nielsen	  and	  Molich,	  1990)	  an	   informal	  and	  unstructured	  way	  to	  do	  
usability	   evaluation.	   The	   challenge	  was	   to	   investigate	  how	   traditional	  HCI	  methods	   fare	   in	  
this	   domain,	   what	   kind	   of	   errors	   they	   can	   detect	   and	   ultimately	   how	   to	   support	   the	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evaluation	  process	   in	  order	   to	   increase	   the	  usability	  of	   the	  systems	  and	  hence	   their	   safety	  
record.	  
This	   line	   of	   research	   can	   help	   us	   improve	   methodologies	   for	   the	   evaluation	   of	   UEMs	   by	  
employing	  suitable	  constructs	  that	  are	  provided	  by	  formal	  methods.	  
	  
1.4 Research	  question	  
The	  specific	  research	  question	  that	  we	  address	  in	  this	  thesis	  is:	  
How	  can	  existing	  approaches	  for	  comparing	  UEMS	  and	  categories	  of	  UEMs	  be	  made	  
more	   systematic?	   Furthermore	   how	   can	   they	   be	   extended	   to	   take	   into	   account	  
location-­‐aware	  environments?	  
Such	  existing	  approaches	   (John	  and	  Marks,	   1997,	  Blandford	  et	   al.,	   2008,	  Hvannberg	  et	   al.,	  
2007,	  Gray	  and	  Salzman,	  1998,	  Wixon,	  2003)	  have	  been	  used	  by	  researchers	  to	  identify	  the	  
strengths	   and	   shortcomings	   of	   UEMs.	   Not	   all	   methods	   have	   been	   extensively	   validated,	  
while	   their	   application	   is	   not	   clearly	   documented.	   The	   validation	   of	   a	   method	   entails	   its	  
application	  to	  multiple	  examples,	  multiple	  people	  and	  different	  domains.	  Such	  applications	  
of	   a	   method	   add	   to	   the	   body	   of	   evidence	   of	   its	   validity.	   	   This	   research	   will	   help	   future	  
researchers	   by	   providing	   them	   with	   a	   stronger	   methodological	   approach	   for	   comparing	  
UEMs	  and,	  in	  particular,	  categories	  of	  UEMs.	  	  
The	  aim	  of	  this	  research	   is	   to	   investigate	  ways	  to	  scope	  traditional	  HCI	  usability	  evaluation	  
methods	  and	  assess	  their	  suitability	  for	  the	  evaluation	  of	  interactive	  systems	  with	  location-­‐
aware	  properties.	  We	   investigate	   the	   types	   of	   usability	   issue	   that	   techniques	   can	   identify.	  
Finally,	   we	   examine	   the	   considerations	   of	   the	   researcher	   to	   understand	   the	   breadth	   of	  
usability	  evaluation	  coverage	  when	  selecting	  an	  evaluation	  approach.	  
	  
1.5 Contributions	  
In	   order	   to	   answer	   the	   research	   question,	   we	   present	   the	   following	   perspectives	  
summarising	  what	  was	  known	  before	  this	  research,	  what	  we	  did	  and	  how	  it	  came	  about.	  	  
We	  present	  three	  perspectives	  to	  outline	  how	  we	  have	  made	  contributions	  to	  knowledge:	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• a	  way	  of	  comparing	  usability	  methods	  systematically	  (Chapter	  4),	  
• classifying	  usability	  issues	  against	  phenotypes	  and	  genotypes	  (Section	  7.4),	  and	  
• structuring	  a	   classification	   scheme	  based	  on	  a	   formal	  model	   -­‐	  CoHUM	  (Section	  
7.6)	  
In	   each	   case	  we	   summarise	  what	  was	   known	  before	   this	   research,	  what	  we	   added	   to	   the	  
body	  of	  knowledge	  and	  how	  that	  contribution	  came	  about.	  
Comparing	  usability	  methods	  systematically	  
There	  has	  been	  previous	  work	  on	  evaluation	  of	  UEMs.	  Gray	  &	  Salzman	  (1998)	  and	  Blandford	  
et	  al.	   (2008)	   raise	  a	  set	  of	   issues	   in	   their	  critiques	  of	   the	  evaluation	  of	  Usability	  Evaluation	  
Methods	   (UEM).	   Their	   work	   identified	   several	   important	   issues	   including	   (i)	   the	   internal	  
validity	   of	   a	   UEM,	   defined	   as	   the	   extent	   to	  which	   different	   analyses	   of	   the	   same	   system,	  
using	  the	  same	  usability	  evaluation	  method,	  yield	  the	  same	  results,	  (ii)	  the	  skill/craft	  of	  the	  
practitioner	  affecting	  the	  application	  of	  a	  UEM	  and	  (iii)	  the	  appropriate	  balance	  between	  the	  
demands	  of	  a	  representation	  and	  insights	  that	  a	  (semi)-­‐formal	  UEM	  yield.	  	  
Blandford	  et	  al.	  (2008)	  carried	  out	  a	  study	  looking	  into	  the	  scope	  of	  UEMs	  and	  the	  nature	  of	  
expertise	   in	   applying	   analytical	   UEMs.	   They	   followed	   a	   systematic	   review	   of	   the	   results	  
reported	  by	  the	  UEMs	  under	  scrutiny	  to	  establish	  the	  scope	  of	  each	  technique	  and	  address	  
some	  of	  the	  concerns	  when	  assessing	  usability	  evaluation	  methods	  as	   identified	  by	  Gray	  &	  
Salzman	   (1998).	   They	   developed	   a	   methodology	   encompassing	   a	   classification	   scheme,	  
where	  usability	  issues	  were	  divided	  into	  a	  set	  of	  five	  classes.	  These	  classes	  were	  data-­‐driven	  
and	  reflected	  the	  particular	  usability	  evaluation	  methods	  that	  were	  used	  in	  their	  case	  study.	  
However	   this	  methodology	  was	  not	   validated	  on	  any	  other	  data	   sets.	   Furthermore,	   it	  was	  
only	  used	  in	  a	  static	  situation.	  
In	  this	  study,	  we	  applied	  the	  same	  methodology,	  but	  this	  time	  in	  a	  domain	  different	  to	  that	  
in	  which	  it	  was	  originally	  applied	  and	  so	  have	  checked	  the	  validity	  of	  the	  methodology.	  We	  
applied	   the	   approach	   to	   the	   evaluation	   of	   a	   car	   navigation	   system,	   following	   the	   same	  
approach	   for	   both	   static	   (navigation	   planning)	   and	   dynamic	   (navigation	   guidance)	   parts	   of	  
the	   system	   (See	   Chapter	   5	   and	   Chapter	   6).	   Our	   contribution	   is	   twofold.	   Firstly,	   our	  
application	  of	  the	  methodology	  demonstrated	  its	  validity	  for	  the	  static	  part	  the	  evaluation.	  
We	   were	   able	   to	   satisfactorily	   classify	   issues	   in	   a	   consistent	   manner	   to	   the	  methodology	  
used	  by	  Blandford	  et	  al.	   (2008).	  Secondly,	  we	  have	  highlighted	  problems	  (see	  Chapter	  7)	   in	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this	  approach	  to	  classifying	  the	  usability	  issues	  in	  the	  dynamic	  part	  of	  the	  navigation	  system	  
prompting	  a	  rethink	  on	  how	  the	  classification	  scheme	  can	  be	  extended	  for	  better	  coverage.	  
	  
Phenotypes	  &	  Genotypes	  
The	   second	   area	   of	   contribution	   is	   around	   genotypes	   and	   phenotypes	   (Hollnagel,	   1993,	  
Hollnagel,	   1998).	   There	   has	   been	   a	   long	   debate	   about	   usability	   evaluation	   methods	   over	  
issues	  such	  as	  the	  usefulness	  of	  the	  different	  techniques,	  and	  specifically	  between	  the	  two	  
approaches:	  empirical	   approaches,	  where	  users	  are	   involved	  or	  analytical	  ones,	  where	   the	  
evaluation	  is	  carried	  out	  by	  experts.	  Prior	  to	  this	  work,	  there	  was	  a	  lot	  of	  folk	  knowledge	  that	  
different	   classes	  of	   approach	   identify	  distinct	   issues.	  Often	  authors	   argue	   that	   a	  particular	  
method	  is	  superior	  but	  do	  not	  actually	  collect	  comparative	  data.	  However,	  nobody	  has	  done	  
a	  rigorous	  study	  identifying	  the	  boundaries	  of	  each	  class	  of	  methods.	  
Our	   contribution	   is	   to	   show,	   in	   a	   rigorous	   way,	   one	   aspect	   of	   how	   different	   classes	   of	  
techniques	  identify	  different	   issues	  in	  the	  particular	  domain.	  Unlike	  previous	  work	  this	  was	  
done	  using	  a	  strong	  methodology.	  
Genotypes	  and	  phenotypes	  provided	  the	  framework	  for	  us	  to	  reason	  about	  the	  scope	  of	  the	  
different	  general	  approaches	  –	  analytical	  and	  empirical	  –	  from	  a	  rigorous	  perspective,	  based	  
on	   an	   underlying	   cognitive	   model.	   Using	   the	   constructs	   of	   the	   framework	   we	   devised	   a	  
methodology	  to	  categorise	  usability	  issues	  and	  identify	  the	  scope	  of	  the	  approaches	  and	  the	  
individual	  usability	  techniques.	  
Using	   this	   framework	   to	   assess	   the	   scope	   of	   a	   usability	   approach	   has	   also	   an	   impact	   of	  
understanding	   and	   rationalising	   the	   issues	   identified.	   Hollnagel’s	   underlying	   model	   of	  
phenotypes	   and	   genotypes	   gives	   the	   opportunity	   to	   the	   researcher	   to	   explore	   the	   link	  
between	  phenotypes	  and	  genotypes	  using	  CREAM	  (Hollnagel,	  1998).	  	  
We	  have	  provided	  new	  evidence	  that	  neither	  of	  the	  two	  approaches	  can	  serve	  as	  a	  panacea	  
for	   evaluating	   an	   interactive	   system,	   as	   each	   identified	   only	   a	   subset	   of	   the	   overall	   issues	  
(see	  Section	   7.4).	  The	  analytical	  approaches	  mainly	   identify	  genotypes,	  while	   the	  empirical	  
approaches	  mainly	  identify	  phenotypes.	  Therefore,	  using	  an	  analytical	  or	  empirical	  approach	  
can	  only	   have	   a	  partial	   effect	   on	   the	  overall	   usability	   of	   the	   system.	   Each	   approach	  offers	  
different	   insights	   and	   power	   to	   the	   researcher	   and	   the	   synergy	   of	   their	   combination	   can	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provide	  a	  more	  complete	  approach	  to	  usability	  evaluation.	  This	  synergy	  of	  techniques	  and	  /	  
or	  approaches	  can	  be	  explained	  through	  the	  methodology	  demonstrated	  here.	  
In	   this	   study	  we	   carried	  out	   a	   series	  of	  usability	   evaluations,	   following	  both	  analytical	   and	  
empirical	  techniques	  to	  investigate	  methodologically	  the	  diversity,	  if	  at	  all,	  of	  the	  issues	  that	  
could	  be	  identified,	  both	  in	  a	  static	  and	  a	  dynamic	  environment.	  We	  have	  shown	  that	  in	  both	  
static	  and	  dynamic	  environments	  the	  usability	  problems	  reported	  by	  the	  empirical	  approach	  
were	   associated	   with	   the	   manifestations	   of	   user	   errors,	   while	   the	   usability	   problems	  
reported	   by	   the	   analytical	   approach	   correspond	   to	   the	   underlying	   cause	   of	   such	  
manifestations.	  This	  correspondence	  relates	  to	  the	  phenotype	  –	  observable	  manifestations	  
of	   an	   incorrectly	   performed	   action	   –	   and	   the	   contrasting	   genotype	   –	   the	   underlying	   likely	  
cause	  (Hollnagel,	  1993,	  Hollnagel,	  1998).	  	  
CoHUM	  
In	   the	   classification	   scheme	   of	   Blandford	   et	   al.	   (2008)	   that	  we	   used	   to	   compare	  UEMs	   an	  
issue	   was	   that	   it	   was	   not	   easy	   for	   researchers	   to	   consistently	   determine	   how	   to	   classify	  
specific	  usability	  problems.	  Given	  the	  classifications	  were	  developed	  in	  a	  data	  driven	  way	  the	  
insight	  gained	  from	  classifying	  an	  issue	  was	  minimal.	  We	  were	  interested	  in	  whether	  a	  model	  
of	  behaviour	  could	  enrich	  the	  use	  of	  such	  a	  classification	  scheme.	  
	  
Rukšėnas	   et	   al.	   (2008)	   present	   a	   formal	   model	   for	   the	   analysis	   of	   human	   behaviour.	   The	  
model	   (see	   Figure	   7-­‐2)	   is	   based	   on	   a	   generic	   user	   model	   (cognitive	   architecture)	  
incorporating	  abstract	  cognitive	  principles	  and	  used	  for	  detecting	  various	  types	  of	  systematic	  
user	  errors	   in	   the	  context	  of	  usability	  and	   task	  completion.	   It	  was	  derived	  as	  a	  convenient	  
way	  of	  structuring	  a	  formal	  verification	  intended	  to	  capture	  design	  faults	  that	  could	  result	  in	  
human	  error.	  However	  it	  was	  never	  intended	  to	  be	  a	  classification	  scheme.	  
	  
The	  use	  of	  a	  classification	  scheme	  (Figure	  7-­‐3)	  gives	  us	  the	  opportunity	  to	  draw	  comparisons	  
to	   other	   studies	   where	   similar	   classification	   schemes	   where	   employed	   (Blandford	   et	   al.,	  
2008).	  This	  can	  enrich	  our	  understanding	  of	  the	  scope	  of	  various	  techniques	  and	  also	  provide	  
further	  guidance	  to	  the	  researchers	  to	  select	  the	  appropriate	  methods	  when	  designing	  the	  
evaluation	  of	  such	  systems.	  
	  
Our	  contribution	  is	  to	  propose	  a	  model	  (Figure	  7-­‐3)	  combining	  the	  classes	  of	  Blandford	  et	  al.	  
(2008)	  with	  the	  flows	  of	  the	  framework	  (Rukšėnas	  et	  al.,	  2008),	  thus	  creating	  a	  hybrid	  of	  the	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two	  approaches.	  The	  model	  provides	  both	  the	  appropriate	  usability	  categories	  and	  the	  flow	  
of	   interaction	   assisting	   the	   researchers	  with	   the	   classification	  process	   and	   giving	   a	   deeper	  
understanding	  of	  the	  usability	   issues.	  As	  we	  have	  demonstrated,	  the	  model	  can	  be	  used	  to	  
gain	   additional	   insight	   into	   the	   usability	   issues	   of	   a	   system	   over	   that	   given	   by	   a	  method.	  
More	   specifically,	   given	   the	   theme	   of	   this	   thesis,	   the	   model	   can	   be	   used	   to	   more	  
systematically	   classify	   issues	   arising	   and	   so	   more	   systematically	   assess	   the	   scope	   of	  
evaluation	  methods	  being	  compared.	  
	  
1.6 Thesis	  summary	  
This	  Chapter	  has	   introduced	  the	  main	  themes	  of	  the	  thesis.	   It	  has	  always	  been	  a	  challenge	  
for	  researchers	  to	  choose	  the	  appropriate	  evaluation	  approach	  and	  to	  know	  how	  to	  compare	  
effectively	   alternative	   approaches.	  We	   present	   in	   the	   thesis	   our	   methodology	   on	   how	   to	  
compare	   usability	   evaluation	   methods.	   We	   investigate	   the	   use	   of	   such	   a	   methodological	  
approach	   in	   the	   domain	   of	  mobile	   systems.	   Such	   systems	   (mobile	   phones,	   car	   navigation	  
systems,	  etc.)	  are	  widely	  used	  nowadays	  and	  their	  design	  constitutes	  a	  significant	  challenge,	  
as	  their	  behaviour	  and	  so	  their	  usability	  is	  influenced	  by	  their	  surrounding	  environment.	  
In	  Chapter	  2	  and	  Chapter	  3	  we	  look	  at	  the	  HCI	  literature	  and	  investigate	  how	  to	  approach	  the	  
evaluation	  of	  usability	  evaluation	  methods.	  We	   look	   in	  particular	  at	   the	  various	  evaluation	  
dimensions	   that	   a	   researcher	   should	   be	   considering	   when	   evaluating	   UEMs.	   We	   look	   at	  
these	  dimensions	   in	  the	  context	  of	  this	  thesis	  as	  we	  set	  up	  a	  comparative	  study	  evaluating	  
UEMs.	  In	  Chapter	  3	  we	  look	  at	  existing	  practices	  to	  perform	  usability	  evaluation	  of	  location-­‐
aware	   mobile	   systems	   (navigation	   systems)	   and	   identify	   key	   issues	   that	   suggest	   existing	  
UEMs	   are	   inadequate	   tools.	  We	   assess	   the	   scope	   of	   the	   analytical	   tools	   and	   the	   level	   of	  
support	  they	  offer	  the	  researcher	  in	  order	  to	  acquire	  usability	  insights	  for	  such	  systems.	  
In	  Chapter	  4	  we	  present	  the	  methodology	  that	  we	  followed	  in	  order	  to	  answer	  the	  research	  
question	  as	  presented	  in	  Chapter	  one.	  In	  order	  to	  assess	  the	  current	  situation	  and	  the	  scope	  
of	  tools	  that	  are	  widely	  used	  in	  the	  HCI	  community,	  as	  identified	  in	  Chapter	  2,	  we	  carry	  out	  a	  
combined	  analytical	  and	  empirical	  comparative	  study.	  The	  analytical	  techniques	  (UAN,	  EMU,	  
Cognitive	  Walkthrough	  &	  Design	  guidelines)	  are	  applied	  both	  in	  static	  and	  dynamic	  contexts	  
of	   use	   in	   order	   to	   establish	   their	   suitability	   for	   each	   context.	   The	   results	   of	   the	   analytical	  
techniques	   are	   weighed	   against	   those	   produced	   by	   the	   empirical	   approach	   in	   the	   same	  
contexts	  of	  use,	   in	  order	  to	  measure	  the	  scope	  of	  each	  approach.	  This	  exercise	  provides	  us	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with	   the	   information	   needed	   to	   assess	   the	   effectiveness	   of	   the	   individual	   UEMs	   for	   the	  
usability	  evaluation	  of	  location-­‐aware	  systems.	  	  
In	   Chapter	   5	   we	   outline	   in	   detail	   the	   evaluation	   process	   and	   present	   an	   overview	   of	   the	  
results	  of	  the	  first	  part	  of	  the	  study,	  which	  was	  based	  on	  the	  evaluation	  of	  static	  aspects	  of	  
the	   system	   under	   evaluation.	   More	   specifically,	   route-­‐planning	   tasks	   on	   a	   car	   navigation	  
system	   are	   evaluated	   using	   the	   set	   of	   analytical	   techniques.	   The	   same	   set	   of	   tasks	   is	   also	  
employed	  during	  a	   lab-­‐based	  exploratory	  user	  study.	  The	  results	  produced	  by	  each	  class	  of	  
approach	  provide	  different	   insights	  not	  only	   into	   the	  usability	  of	   the	   system,	  but	  also	   into	  
the	   different	   kinds	   of	   issues	   that	   each	   class	   of	   approach	   can	   identify.	   Furthermore,	   the	  
empirical	   evaluation	   assists	   us	   in	   assessing	   the	   external	   validity	   of	   the	   results,	   while	  
identifying	  the	  limited	  scope	  of	  each	  class	  of	  approach.	  
In	  Chapter	  6	  we	  present	  an	  overview	  of	  the	  results	  of	  the	  second	  part	  of	  the	  study.	  It	  follows	  
a	   similar	   structure	   to	   the	   previous	  Chapter.	   Empirical	   and	   analytical	   approaches	   are	   again	  
applied	   to	   the	   selected	   system.	   The	   tasks	   selected	   in	   this	   part	   of	   the	   study	   however	   are	  
based	  on	   the	  navigation	  of	   a	   car	  using	   the	  guidance	  provided	  by	   the	   system	   in	   a	  dynamic	  
environment.	   Although	   the	   application	   domain	   of	   the	   study	   remains	   the	   same,	   car	  
navigation	   systems,	   the	   different	   set	   of	   tasks	   selected	   explores	   a	   different	   angle	   in	   the	  
usability	  evaluation	  of	   such	  systems.	  The	  analytical	  evaluation	  of	   the	   system	   is	  based	  on	  a	  
generated	   simulation	   of	   the	   interaction.	   During	   the	   empirical	   evaluation	   the	   users	   were	  
required	  to	  navigate	  their	  cars	  by	  following	  the	  instructions	  provided	  by	  the	  system.	  During	  
these	  evaluations,	  we	  gauged	  the	  effectiveness	  of	  the	  different	  techniques	  as	  posed	  by	  the	  
location-­‐aware	  aspects	  of	   the	   system.	  As	   in	   the	  previous	  evaluation	  of	   the	   system	   (static),	  
we	   identified	   the	   strengths	   and	   weaknesses	   of	   each	   method,	   but	   also	   focused	   on	   the	  
challenges	  that	  the	  researcher	  faces	  when	  applying	  analytical	  techniques	  and	  when	  running	  
empirical	  studies	  on	  location-­‐aware	  systems.	  We	  investigate	  how	  effective	  and	  efficient	  the	  
analytical	  techniques	  are	  at	  identifying	  issues	  which	  are	  pertinent	  to	  the	  context	  of	  use	  and	  
the	  diversity	  of	   results	   that	  were	   captured	  by	   the	  empirical	   approach.	   Finally	  we	  analysed	  
the	  results	  to	  identify	  the	  properties	  of	  the	  method	  that	  matter	  in	  the	  usability	  evaluation	  of	  
location-­‐aware	  systems.	  
In	  Chapter	  7	  we	  draw	  together	  the	  results	  of	  both	  parts	  of	  the	  study	   in	  order	  to	  scope	  the	  
methods	  and	  assess	  their	  applicability	  for	  location-­‐aware	  systems.	  We	  take	  a	  qualitative	  look	  
at	  the	  kind	  of	  results	  produced	  by	  both	  parts	  of	  the	  study,	  evaluating	  them	  against	  a	  series	  
of	   factors	   including	   craft	   skill,	   context,	   cost,	   etc.	   We	   explore	   the	   variability	   of	   results	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between	  the	  static	  and	  dynamic	  context	  and	  assess	  the	  effectiveness	  of	  both	  analytical	  and	  
empirical	  methods	  between	  such	  contexts	  doing	  an	  extensive	  error	  analysis.	  The	  comparison	  
of	  results	  gives	  us	  insight	  about	  the	  differences	  between	  such	  contexts.	  Finally,	  we	  present	  a	  
new	  framework	  that	  can	  be	  used	  for	  the	  classification	  of	  usability	  issues	  in	  an	  effort	  to	  assess	  
the	   scope	   of	   usability	   evaluation	   methods	   for	   location-­‐aware	   devices.	   We	   conclude	   the	  
thesis	   in	   Chapter	   8,	   by	   providing	   a	   general	   overview	   of	   the	   research	   done,	   its	   main	  
contributions	  and	  possible	  future	  work.	  	  
1.7 Summary	  
This	   Chapter	   has	   introduced	   the	   research	   problem,	   the	   motivating	   factors	   behind	   the	  
research	  and	   the	  overall	   thesis	   structure.	  The	  next	  Chapter	  will	  examine	   the	  HCI	   literature	  
and	  explore	  how	  we	  can	  approach	  the	  evaluation	  of	  usability	  evaluation	  methods.	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Chapter	  2. Evaluating	  Usability	  Evaluation	  Methods	  (UEMs)	  
In	  this	  Chapter	  we	  look	  at	  usability	  and	  how	  we	  can	  evaluate	  usability	  evaluation	  methods.	  
We	   look	   in	   particular	   at	   the	   various	   evaluation	   dimensions	   that	   a	   researcher	   should	   be	  
considering	  when	  evaluating	  UEMs.	  We	  will	  be	  looking	  at	  these	  dimensions	  in	  the	  context	  of	  
this	  thesis	  as	  we	  set	  up	  a	  comparative	  study	  evaluating	  UEMs.	  
	  
2.1 Introduction	  
Usability	   is	  defined	  by	   ISO	  (International	  Organisation	  for	  Standardisation)	  as	  the	  extent	  to	  
which	  a	  product	  can	  be	  used	  by	  specified	  users	  to	  achieve	  specified	  goals	  with	  effectiveness,	  
efficiency	  and	  satisfaction	  in	  a	  specified	  context	  of	  use.	  In	  order	  to	  assess	  the	  usability	  of	  a	  
product,	   we	   have	   at	   our	   disposal	   various	   Usability	   Evaluation	   Methods	   (UEMs).	   The	  
involvement	  of	  users	  during	  the	  evaluation	  process	  further	  distinguishes	  evaluation	  methods	  
between	   empirical	   and	   analytical	   methods.	   Techniques	   are	   empirical	   when	   the	   system	   is	  
tested	  by	  users	  while	   their	  performance	  and	  problems	  are	   recorded	   (such	  as	   in	  simulators	  
and	   on-­‐road	   studies)	   and	   analytical	  when	   an	   analysis	   of	   the	   system	   is	   performed	   by	   an	  
expert/researcher	   to	   predict	   the	   behaviour	   of	   the	   user	   and	   detect	   potential	   problems,	  
without	   the	   involvement	   of	   users	   (modelling,	   guidelines	   etc.).	   The	   abundance	   of	  methods	  
provides	   many	   alternative	   choices	   for	   evaluation,	   which	   makes	   the	   selection	   of	   the	  
appropriate	  method	  an	  important	  step	  in	  the	  evaluation	  of	  any	  system.	  	  
	  
2.2 Evaluating	  usability	  evaluation	  methods	  
Different	  UEMs	  are	  suited	  for	  different	  applications,	  domains,	  context	  of	  use,	  etc.	  The	  choice	  
of	  appropriate	  method	  for	  a	  given	  application	  has	  a	  defining	  impact	  on	  both	  the	  quality	  and	  
reliability	   of	   its	   results.	   As	   such	   the	   selection	   of	   a	   method	   is	   an	   important	   step	   of	   the	  
evaluation	   process,	   where	   the	   researcher	   must	   choose	   the	   best-­‐suited	   method	   for	   the	  
specifics	  of	  the	  system	  under	  evaluation.	  
Individual	   UEMs	   are	   far	   from	   being	   suitable	   for	   the	   evaluation	   of	   all	   applications.	   Various	  
issues	  can	  be	  identified	  that	  are	  inherent	  problems	  in	  the	  use	  of	  evaluation	  methods.	  UEMs	  
have	  different	  strengths	  and	  weaknesses	  and	  the	  choice	  of	  an	  appropriate	  method	  strongly	  
affects	  	  the	  quality	  of	  the	  results	  that	  can	  be	  obtained	  through	  their	  application.	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Gray	  &	  Salzman	  (1998)	  and	  Blandford	  et	  al.	   (2008)	  raise	  a	  set	  of	   issues	  and	  criteria	   in	  their	  
critiques	  of	  Usability	  Evaluation	  Methods	  (UEM).	  For	  example,	  some	  of	  the	  issues	  they	  have	  
identified	   are	   (i)	   the	   internal	   validity	   of	   a	   UEM,	   defined	   as	   the	   extent	   to	   which	   different	  
analyses	   of	   the	   same	   system,	   using	   the	   same	  usability	   evaluation	  method,	   yield	   the	   same	  
results,	  (ii)	  the	  skill	  /craft	  of	  the	  practitioner	  affecting	  the	  application	  of	  a	  UEM	  and	  (iii)	  the	  
appropriate	  balance	  between	   the	  demands	  of	   a	   representation	  and	   insights	   that	   a	   (semi)-­‐
formal	  UEM	  yield.	  We	  discuss	  the	  full	  range	  of	  issues	  and	  criteria	  in	  more	  detail	  in	  the	  next	  
Section	  (see	  Section	  2.3).  
Traditional	  UEMs	  do	  not	  comprehensively	  support	  the	  evaluation	  of	  ubiquitous	  systems,	  as	  
different	  issues	  arise	  due	  to	  the	  continuous	  changes	  in	  the	  environment	  and	  context	  of	  use;	  
ubiquitous	  systems	  escape	  from	  the	  boundaries	  of	  desktop	  based	  applications	  and	  present	  
new	   challenges	   to	   the	   usability	   evaluation	   process.	   Devices	   such	   as	  mobile	   phones,	   in-­‐car	  
navigation	   systems,	   etc.	   are	   increasingly	   used	   in	   everyday	   life	   and	   bad	   designs	   can	  
potentially	   lead	   to	   situations	   where	   safety	   may	   be	   compromised.	   Mobility	   and	   location-­‐
awareness	   raise	   usability	   issues	   that	   techniques	   that	   were	   designed	   for	   the	   desktop	  
environment	  don’t	  necessarily	  detect.	  
The	  UEM	  literature	  has	  already	  identified	  various	  issues	  on	  the	  scope	  and	  validity	  of	  results	  
of	  some	  UEMs.	  A	  series	  of	  issues	  have	  also	  been	  brought	  forward	  (Gray	  and	  Salzman,	  1998)	  
regarding	  the	  craft	  skill	  of	  the	  researcher,	  the	  place	  of	  each	  UEM	  in	  the	  development	  cycle,	  
context	  of	  use,	  etc.	  	  
	  
2.3 Evaluation	  dimensions	  
Although	  it	  is	  difficult	  to	  quantify	  the	  effectiveness	  and	  efficiency	  of	  a	  UEM,	  we	  need	  some	  
criteria	  in	  order	  to	  make	  methods	  more	  inspectable	  by	  researchers.	  We	  present	  here	  a	  set	  of	  
dimensions	  that	  a	  researcher	  should	  consider	  when	  selecting	  the	  appropriate	  approach	  for	  
the	   evaluation	   of	   a	   system	   or	   even	   carrying	   out	   a	   comparison	   of	   UEMs.	   This	   list	   of	  
dimensions	  was	  collated	  from	  the	  relevant	  literature,	  as	  discussed	  in	  the	  previous	  section.	   
A	   researcher	   needs	   to	   consider	   such	   dimensions	   before	   evaluating	   a	   usability	   evaluation	  
method,	   as	   well	   as	   when	   choosing	   the	   appropriate	   usability	   evaluation	   method	   for	   a	  
location-­‐aware	   system.	   Each	   dimension	   needs	   to	   be	   weighed	   appropriately	   for	   each	  
technique	  depending	  on	  the	  type	  of	  application	  under	  evaluation.	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Each	  of	  the	  dimensions	  identified	  below	  was	  considered	  in	  turn	  when	  applying	  the	  UEMs	  in	  
the	   context	   of	   our	   study.	   We	   examine	   in	   Section	   7.8	   the	   dimensions	   with	   regard	   to	   the	  
techniques	  selected	  and	  how	  they	  were	  considered	  in	  the	  context	  of	  this	  comparative	  study.	  
The	  sources	  for	  each	  dimension	  are	  referenced	  accordingly.	  	  
Craft	  skill	  	  
One	  of	  the	  main	  issues	  pertinent	  to	  the	  evaluation	  process	  is	  the	  craft	  skill	  of	  the	  researcher.	  
The	  outcome	  of	  the	  method	  can	  vary	  greatly	  depending	  on	  the	  skill	  and	  previous	  experience	  
of	  the	  researcher	  either	  with	  the	  particular	  method	  or	  more	  general	  experience	  with	  other	  
usability	   techniques.	   More	   experienced	   researchers	   could	   potentially	   identify	   more	  
important	  issues	  in	  the	  usability	  of	  a	  system.	  Furthermore,	  the	  craft	  skill	  might	  also	  empower	  
the	  researcher	  to	  identify	  issues	  beyond	  the	  scope	  of	  the	  technique.	  Gray	  &	  Salzman	  (1998)	  
identify	   craft	   skill	   as	   a	   key	   factor	  when	   evaluating	  UEMs.	   By	   identifying	   the	   nature	   of	   the	  
craft	  skill,	  we	  can	  distinguish	  the	  usability	  issues	  deriving	  from	  the	  UEM	  and	  those	  from	  the	  
skill	  or	  experience	  of	  the	  evaluator	  (Blandford	  et	  al.,	  2008).	  
Scope	  
Looking	   at	   the	   description	   of	   the	   various	   techniques,	   we	   can	   identify	   their	   diversity	   and	  
potential	  different	  foci	  on	  identifying	  usability	  issues.	  For	  example,	  methods	  can	  be	  designed	  
to	   capture	   usability	   problems	   related	   to	   the	   multimodal	   aspects	   of	   a	   system,	   e.g.,	   EMU	  
(Hyde,	  2002),	  where	  other	  methods	  can	  be	  primarily	  intended	  to	  identify	  usability	  problems	  
of	  walk-­‐up-­‐and-­‐use	  interfaces,	  e.g.,	  Cognitive	  Walkthrough	  (Wharton	  et	  al.,	  1994).	  It	  is	  up	  to	  
the	  researchers	  to	  choose	  the	  appropriate	  UEM	  for	  the	  system	  under	  evaluation,	  due	  to	  the	  
differences	   in	   the	   scope	   of	   issues	   that	   they	   can	   identify	   (Blandford	   et	   al.,	   2008).	   Another	  
dimension	  in	  the	  scope	  of	  UEMs	  stretches	  between	  the	  analytical	  and	  empirical	  approaches,	  
where	  two	  different	  perspectives	  will	  dictate	  differences	  between	  the	  issues	  identified.	  For	  
example,	   Ross	   &	   Burnett	   (2001)	   refer	   to	   a	   set	   of	   properties	   of	   the	   environment	   of	   in-­‐car	  
devices	  that	  could	  be	  potentially	  captured	  only	  by	  empirical	  methods.	  
Task	  selection	  
The	   selection	   of	   tasks	   in	   the	   process	   of	   an	   analytical	   or	   empirical	   evaluation	   can	   alter	  
drastically	   the	   results	   of	   the	   technique.	   For	   analytical	   techniques,	   the	   process	   of	   selecting	  
and	   analysing	   the	   tasks	   leads	   the	   direction	   of	   the	   evaluation	   through	   the	   generated	   task	  
trees,	  where	  parts	  of	  the	  system	  might	  be	  overlooked	  or	  missed.	  Even	  the	  task	  description	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detail	  can	  have	  an	  effect	  in	  the	  application	  of	  a	  UEM	  (Sears	  and	  Hess,	  1998,	  Blandford	  et	  al.,	  
2008).	  Thus	  the	  appropriate	  level	  of	  granularity	  and	  representativeness	  of	  tasks	  is	  necessary	  
for	   a	   thorough	   analysis.	   Likewise	   the	   selection	   of	   suitable	   tasks	   allows	   for	   the	   realistic	  
evaluation	  of	  a	  system	  in	  an	  empirical	  evaluation.	  
Context	  of	  use	  
The	   context	   of	   use	   is	   critical	   for	   location-­‐aware	   systems.	   The	   degree	   to	   which	   a	   UEM	  
provides	   reasoning	   about	   the	   context	   is	   of	   paramount	   importance.	   Different	   UEMs	   have	  
different	  ways	   to	   deal	  with	   the	   characteristics	   of	   such	  domains.	   Some	  methods	  only	   refer	  
implicitly	  to	  the	  context	  of	  use;	  other	  methods	  account	  for	  the	  context	  of	  use	  as	  part	  of	  their	  
methodological	  approach.	  For	  example,	  EMU	  (Hyde,	  2002)	  explicitly	  asks	  the	  researcher	  to	  
take	  into	  consideration	  the	  context	  in	  which	  a	  system	  is	  used.	  As	  location-­‐aware	  devices	  go	  
beyond	  the	  traditional	  desktop,	  this	  dimension	  becomes	  important	  when	  selecting	  a	  UEM.	  A	  
further	  discussion	  of	  the	  impact	  of	  context	  on	  the	  usability	  of	  the	  system	  is	  found	  in	  Chapter	  
3.	   Within	   the	   scope	   of	   this	   thesis	   the	   context	   is	   distinctly	   defined	   in	   terms	   of	   static	   and	  
dynamic	   environment	   in	   the	   respective	   phases	   of	   our	   study.	  We	   are	   looking	   at	   context	   in	  
terms	   of	   the	   physical	   location	   of	   the	   device	   (e.g.,	   location	   in	   the	   car),	   the	   technological	  
limitations	   (e.g.,	   GPS	   signal),	   social	   (e.g.,	   co-­‐passengers),	   road	   system	   (e.g.,	   complexity	   of	  
roads,	  signage)	  and	  other	  users	  of	  the	  system	  (pedestrians	  and	  cars).	  	  
Rigorous	  /	  structured	  approach	  
The	  degree	  of	  formality	  varies	  considerably	  between	  UEMs.	  It	  influences	  the	  learning	  curve	  
and	  also	  the	  possibility	  of	   initial	  uptake	  of	  a	  method.	  Most	  formal	  approaches	  are	  believed	  
to	   be	   difficult	   to	   learn	   and	   expensive	   though	   they	   might	   yield	   more	   reliable	   results.	   Hall	  
(1990)	   identifies	   formal	  methods	  as	  useful	   for	  any	  system,	  not	   just	   life-­‐critical	   systems.	  He	  
disputes	   the	   fact	   that	   they	   are	   expensive	   as	   they	   can	   eventually	   reduce	   the	   overall	  
development	   costs.	   The	   researchers	   should	   determine	   the	   degree	   of	   formality	   required	  
based	   on	   the	   particular	   situation	   and	   avoid	   being	  more	   formal	   than	   needed	   (Bowen	   and	  
Hinchey,	  1995).	  The	  level	  of	  formality	  between	  various	  UEMs	  is	   important	  both	  in	  terms	  of	  
cost	  and	  reliability	  of	  results.	  There	  are	  various	  degrees	  of	  formality	  that	  characterise	  UEMs	  
varying	  from	  an	  unstructured	  approach	  to	  a	  formalised	  notational	  methodology.	   In	  Section	  
4.3	  we	  review	  the	  degree	  of	   formality	  of	  UEMs,	   in	  order	   to	  select	   the	  appropriate	  ones	   to	  
enhance	  the	  range	  of	  issues	  that	  can	  be	  identified	  in	  our	  study.	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Representation	  
Techniques	   quite	   often	   employ	   representation	   schemes	   to	   help	   with	   the	   usability	   of	  
interactive	  systems.	  Such	  schemes	  may	  provide	  guidance	  and	  assistance	  to	  the	  researcher	  in	  
applying	   the	   technique.	   Representations	   provide	   a	   more	   structured	   approach	   to	   the	  
evaluation	   process.	   Important	   properties	   characterising	   representations	   include	   their	  
expressiveness,	   ease	   of	   learning,	   usability,	   and	   level	   of	   abstraction.	   The	   form	   of	  
representation	   can	   have	   an	   effect	   on	   what	   can	   be	   represented,	   influencing	   the	   kind	   of	  
results	   identified	   (Blandford	   and	   Young,	   1996).	   For	   example,	   Hyde	   (2002)	   went	   through	  
several	   iterations	   on	   the	   representation	   used	   for	   EMU	   in	   order	   to	   achieve	   an	   appropriate	  
level	  for	  capturing	  the	  description	  of	  the	  interaction.	  	  
Tool	  Support	  
Computerised	  tool	  support	  has	  been	  identified	  as	  an	  important	  dimension.	  A	  tool	  may	  have	  
different	  roles	   in	  the	  use	  of	  UEMs.	   It	  can	  be	  a	  tutorial,	  teaching	  the	  researcher	  how	  to	  use	  
the	   method.	   It	   can	   guide	   the	   researcher	   by	   providing	   guidance	   and	   support	   for	   the	  
application	  of	  the	  technique	  or	  even	  carry	  out	  parts	  of	  the	  evaluation	  when	  these	  parts	  can	  
be	  automatically	  evaluated.	  Although	  tool	  support	  is	  not	  the	  panacea	  to	  all	  the	  problems	  of	  
evaluation	   methods,	   it	   has	   the	   potential	   to	   provide	   assistance	   and	   guidance	   to	   the	  
researcher	  in	  an	  attempt	  to	  overcome	  some	  of	  those	  issues.	  Nevertheless,	  tool	  support	  for	  
evaluation	  methods	  has	  been	  very	   limited.	  Prototype	  tools	  are	  scarce.	   	  They	  remain	   in	  the	  
research	  environments	  where	  they	  were	  implemented,	  or	  are	  developed	  within	  industry	  and	  
not	  made	  available	   to	   the	  wider	  public.	  The	  executable	  UAN	  (Gray	  et	  al.,	  1994)	  and	  PUAN	  
(Du	  and	  England,	  2001a)	  offer	  limited	  tool	  support.	  These	  tools	  can	  automatically	  check	  for	  
the	  consistency	  and	  completeness	  of	  a	  design,	  and	  identify	  design	  flaws,	  based	  on	  heuristics	  
or	   other	   rules,	   which	  might	   lead	   to	   human	   errors.	   CREAM	   (Hollnagel,	   1998)	   also	   includes	  
tools	  offering	  some	  form	  for	  assistance	  to	  the	  researcher	  when	  using	  this	  methodology.	  	  
Validity	  of	  results	  
We	  are	   looking	  at	  validity	  of	  results	   in	  terms	  of	  two	  dimensions:	   (a)	   internal	  validity,	  when	  
different	   researchers	   using	   the	   same	   technique	   reach	   the	   same	   results	   and	   (b)	   external	  
validity,	   when	   the	   results	   of	   the	   technique	   can	   also	   be	   replicated	   in	   the	   real	   world.	   The	  
validity	   of	   results	   produced	   has	   been	   identified	   as	   a	   major	   issue	   when	   comparing	   UEMs	  
(Blandford	  et	  al.,	  2008,	  Gray	  and	  Salzman,	  1998,	  Hertzum	  and	  Jacobsen,	  2003).	  	  
Chapter	  2	  
	  	   29	  |	  P a g e 	  
The	   internal	   validity	   of	   results	   is	   influenced	   by	   the	   evaluator	   effect	   as	   reported	   in	   the	  
literature	   by	   Jacobsen	  et	   al.	   (1998)	   and	  Hertzum	  &	   Jacobsen	   (2003).	   Different	   evaluators,	  
evaluating	  the	  same	  system	  with	  the	  same	  methods,	  come	  up	  with	  different	  sets	  of	  results.	  
This	  becomes	  a	  problem	  when	  you	  are	  trying	  to	  compare	  the	  effectiveness	  of	  UEMs	  as	  the	  
results	   can	   be	   confounded	   by	   the	   craft	   skill	   or	   performance	   of	   the	   evaluator.	   In	   order	   to	  
minimise	   the	   evaluator’s	   effect	   one	   can	   follow	   the	   approach	   of	   Blandford	  et	   al.	   (2008).	   A	  
systematic	  review	  of	  usability	   issues	  validates	  the	  assignment	  of	  each	  usability	   issue	  within	  
the	  scope	  of	  each	  method	  and	  identifies	  issues	  that	  might	  have	  been	  missed.	  
The	   external	   validity	   of	   results	   was	   one	   issue	   that	   was	   also	   debated	   by	   Gray	   &	   Salzman	  
(1998)	   and	   in	   particular	   the	   usefulness	   of	   usability	   issues	   that	   do	   not	  manifest	   in	   the	   real	  
world.	  As	  it	  is	  argued	  by	  Olson	  &	  Moran	  (1998)	  there	  is	  no	  rigorous	  way	  to	  classify	  an	  issue	  
as	   a	   false	   positive	   and	   prompt	   for	   a	   different	   perspective	   on	   the	   criticality	   of	   the	   issues	  
identified.	  We	  also	  need	   to	   examine	  external	   validity	   in	   terms	  of	   systems,	  where	  usability	  
has	  repercussions	  on	  the	  safety	  of	  the	  user.	  Under	  such	  circumstances,	  it	   is	  difficult	  for	  the	  
researcher	  to	  discount	  some	  of	  the	  usability	  issues	  as	  false	  positives.	  	  
	  
2.4 Summary	  
In	  this	  Chapter	  we	  discussed	  usability,	  and	  how	  important	  it	  is	  to	  have	  highly	  usable	  location-­‐
aware	   devices.	   In	   order	   to	   achieve	   this	   we	   need	   to	   provide	   the	   researcher	   with	   the	  
appropriate	   tools	   to	   achieve	   it.	   The	   usability	   of	   mobile,	   and	   in	   particular	   car-­‐navigation	  
devices,	   is	   an	   emerging	   theme,	   and	   we	   need	   to	   assess	   the	   suitability	   of	   existing	   HCI	  
techniques	   to	   evaluate	   such	   systems.	   In	   order	   to	   carry	   out	   this	   assessment	   we	   have	  
undertaken	   a	   comparative	   study	   of	   UEMs,	   as	   described	   in	   Chapter	   4.	   The	   comparison	   of	  
UEMs	   has	   potentially	   many	   pitfalls	   as	   identified	   in	   the	   literature	   (Hertzum	   and	   Jacobsen,	  
2003,	   Gray	   and	   Salzman,	   1998,	  Olson	   and	  Moran,	   1998,	   Jeffries	   et	   al.,	   1991).	  We	   identify	  
these	  issues	  and	  have	  given	  a	  list	  of	  dimensions	  that	  we	  monitor	  in	  the	  course	  of	  the	  study.	  
In	   the	  next	  Chapter	  we	  continue	   looking	  at	  usability,	  but	   from	  the	  perspective	  of	   location-­‐
aware	  systems,	  and	  in	  particular	  car	  navigation	  systems.	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Chapter	  3. Evaluating	  in-­‐car	  navigation	  systems	  
In	  the	  context	  of	  this	  research	  we	  are	  looking	  at	  in	  car	  navigation	  systems	  as	  exemplars	  of	  a	  
location-­‐aware	   device.	  We	   look	   at	   various	  ways	   to	   approach	   usability	   evaluation	  methods	  
and	  the	  challenges	  that	  need	  to	  be	  tackled	  when	  applied	  to	  car	  navigation	  systems.	  We	  look	  
at	   existing	   practices	   toward	   the	   usability	   evaluation	   of	   location-­‐aware	   mobile	   systems	  
(navigation	  systems)	  and	  identify	  key	  issues	  that	  suggest	  existing	  UEMs	  are	  inadequate	  tools.	  
We	  assess	  the	  scope	  of	  the	  analytical	  tools	  and	  the	  level	  of	  support	  they	  offer	  the	  researcher	  
in	  order	  to	  acquire	  usability	  insights	  for	  such	  systems.	  
	  
3.1 Introduction	  
In	   this	  Chapter	  we	   investigate	   alternative	  ways	   to	   evaluate	   the	  usability	   of	   location-­‐aware	  
systems	   and	   in	   particular	   car-­‐navigation	   systems.	   Firstly,	   we	   look	   at	   what	   are	   the	   key	  
elements	  of	  car	  navigation	  devices	  and	  how	  usability	  has	  a	  direct	  impact	  on	  their	  safety.	  We	  
continue	   with	   an	   overall	   assessment	   of	   the	   approaches	   that	   can	   be	   adopted	   for	   the	  
evaluation	  of	  car-­‐navigation	  systems	  based	  on	  a	   framework	  by	  Ross	  &	  Burnett	   (2001).	  The	  
framework	   provides	   dimensions	   that	   we	   investigate	   further.	   We	   examine	   two	   expert	  
techniques	  that	  are	  based	  on	  modelling	   in	  order	  to	  predict	  human	  behaviour	   in	  the	  use	  of	  
car	  navigation	  systems.	  Finally	  we	  look	  into	  three	  empirical	  approaches	  and	  how	  they	  can	  be	  
used	  in	  the	  evaluation	  process.	  
	  
3.2 Usability	  of	  navigational	  systems:	  background	  
Dey	  (2001)	  defines	  context	  as	  any	  information	  that	  can	  be	  used	  to	  characterise	  the	  situation	  
of	  an	  entity,	  where	  an	  entity	  can	  be	  a	  person,	  a	  place	  or	  an	  object	  that	  is	  considered	  relevant	  
to	  the	  interaction	  between	  a	  user	  and	  an	  application.	  The	  location	  is	  considered	  one	  of	  the	  
key	  attributes	  of	  context-­‐aware	  systems	  as	  it	  influences	  the	  context	  of	  the	  interaction	  (Dix	  et	  
al.,	   2000).	   Devices	   such	   as	  mobile	   phones	   and	   navigation	   devices	   are	   inherently	   location-­‐
aware	  either	   through	  GPS	  or	  GSM	   signal	   triangulation.	  Mobile	   phones	   such	   as	   the	  Apple©	  
iPhone™,	  Nokia©	  N95™	  and	  a	  variety	  of	  car	  navigation	  devices	  have	  increased	  the	  user	  base	  
of	   location-­‐aware	   devices.	   As	   a	   result	   the	   usability	   of	   such	   devices	   is	   of	   paramount	  
importance	  for	  the	  HCI	  community.	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Navigation	   systems	   create	   more	   challenges	   for	   the	   designer	   because	   of	   their	   unique	  
characteristics	  in	  contrast	  to	  desktop-­‐based	  applications.	  Designers	  and	  researchers	  have	  to	  
consider	  not	  only	   the	  dynamic	  context	  of	  use,	  as	  users	  move	   in	   the	  environment,	  but	  also	  
the	  location-­‐awareness	  of	  the	  application	  and	  the	  safety	  repercussions	  on	  driving.	  	  
Further	  considerations	  have	  to	  be	  made	  with	  regard	  to	  the	  safety	  of	  the	  user	  whilst	  using	  car	  
navigational	  devices.	  Any	  activity	  that	  distracts	  drivers	  or	  competes	  for	  their	  attention	  while	  
driving	  has	  the	  potential	  to	  degrade	  driving	  performance	  and	  have	  serious	  consequences	  for	  
road	  safety	  (Pettitt	  et	  al.,	  2005).	  	  
One	  form	  of	  driver	  distraction	  is	  the	  navigation	  device,	  as	  the	  drivers	  shift	  attention	  from	  the	  
road	  to	  the	  navigation	  system	  for	  instructions.	  Therefore,	  the	  usability	  of	  navigation	  devices	  
is	   a	   contributing	   factor	   to	   the	   overall	   safety	   of	   car	   driving.	   As	   the	   tasks	   on	   the	   navigation	  
device	  become	  more	  difficult,	  drivers	  will	  concentrate	  for	  more	  time	  on	  the	  device	  and	  less	  
on	  the	  road	  ahead	  (Victor	  et	  al.,	  2005).	  
Driver	  distraction	  can	  be	  measured	   in	   terms	  of	   the	  effect	  of	   the	  eyes-­‐off-­‐the-­‐road.	  Several	  
case	  studies	  have	  been	  carried	  out	  to	  measure	  this	  effect.	  Tsimhoni	  &	  Green	  (2003)	  identify	  
four	  constructs	  that	  might	  affect	  eyes-­‐off-­‐the-­‐road	  time,	  as	  a	  result	  of	  in-­‐vehicle	  tasks:	  time	  
pressure,	   interference	  with	  driving,	  postponed	  processing	  of	  navigation	  display	  and	  cost	  of	  
task	  partitioning.	  The	  results	  of	  this	  investigation	  indicate	  that	  the	  total	  task	  time	  increases	  
considerably	  as	  a	  result	  of	  shorter	  glances	  to	  the	  display	  and	  longer	  glances	  away	  from	  it.	  
Visual	  and	  auditory	  tasks	  associated	  with	  an	  in-­‐car	  navigation	  system	  have	  different	  effects	  
on	   the	   driving	   performance	   of	   the	   driver	   (Victor	   et	   al.,	   2005).	   Nowakowski	   et	   al.	   (2003)	  
carried	  out	  heuristic	  evaluation	  and	  user	  testing	  of	  navigation	  systems	  and	  exposed	  a	  set	  of	  
usability	  problems	  in	  both	  destination	  entry	  and	  guidance	  modes:	  (a)	  layout	  and	  labelling	  of	  
the	  control	  menus;	  audio	  and	  visual	  feedback;	  order	  of	  entry	  of	  destination	  information,	  and	  
(b)	  starting	  guidance	  and	  ending;	  display	  design	  and	  readability;	  voice	  guidance	  and	  timing;	  
rerouting.	   During	   auditory	   tasks	   drivers	   have	   less	   time	   eyes-­‐off-­‐the-­‐road,	   but	   their	   gaze	  
concentrates	   in	   the	   centre	   road	   area,	   at	   the	   expense	   of	   peripheral	   glances.	   On	   the	   other	  
hand,	   during	   visual	   tasks,	   drivers	   keep	   their	   eyes-­‐off-­‐the-­‐road	   for	   a	   significantly	   increased	  
amount	   of	   time,	   and	   concentrate	   spatially	   on	   peripheral	   space,	   rather	   than	   on	   the	   centre	  
road	   area.	   Further	   research	   into	   auditory	   tasks	   has	   also	   shown	   that	   the	   type	   of	   warning	  
messages	  generated	  by	  the	  system	  affects	  the	  drivers	  and	  their	  performance	  (Jonsson	  et	  al.,	  
2004).	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Correct	  goal	  formation	  is	  identified	  by	  Curzon	  et	  al.	  (2002)	  as	  a	  key	  element	  to	  car	  navigation.	  
Goal	   formation	   is	   dependent	   on	   information	   received	   from	   the	   navigation	   system,	  
knowledge	  in	  the	  head	  and	  outside	  environment.	  This	  is	  also	  identified	  by	  Narzt	  et	  al.	  (2004)	  
as	   a	   major	   usability	   issue	   for	   navigation	   systems,	   called	   the	   abstraction	   gap.	   Narzt	   et	   al.	  
(2004)	  propose	  a	  novel	  paradigm	  for	  visualisation	  to	  resolve	  this	   issue,	  where	  components	  
between	  the	  two	  environments	  are	  merged.	  They	  utilise	  an	  augmented	  reality	  car	  navigation	  
prototype	  system,	  where	  components	  of	  the	  real	  environment	  are	   incorporated	  within	  the	  
car	  as	  an	  augmented	  reality	  facet.	  
	  
3.3 Evaluation	  framework	  
Various	  HCI	  methods	  have	  been	  used	   in	   the	   study	  of	  mobile	   systems	  and	   in	  particular	   car	  
navigation	   systems	   (Kjeldskov	   and	   Graham,	   2003,	   Fithian	   et	   al.,	   2003,	   Ross	   and	   Burnett,	  
2001).	   Ross	  &	   Burnett	   (2001)	   present	   a	   framework	   that	   identifies	   a	   set	   of	   dimensions	   for	  
characterising	  the	  suitability	  of	  techniques	  for	  the	  evaluation	  of	  car	  navigation	  systems.	  The	  
framework	   takes	   into	  account	   the	   finding	   that	   the	   task	  of	  driving	   requires	  high	  attentional	  
demand,	   while	   assessing	   the	   effectiveness	   of	   the	   evaluation	  methods	   against	   the	   distinct	  
driving	  goals	  during	  the	  navigation	  task.	  This	  framework	  proposes	  four	  basic	  dimensions	  to	  
categorise	   evaluations	   and	   makes	   a	   comparative	   analysis:	   desk	   vs.	   road	   evaluation;	  
Checklists	   vs.	   task-­‐based	   evaluation;	   subjective	   vs.	   objective	  measures;	   and	  expert	   vs.	   user	  
evaluation.	   The	   dimensions	   do	   not	   clearly	   identify	   usability	  methods,	   as	   a	  method	   can	   be	  
characterised	  by	  more	  than	  one	  dimension.	  	  
Desk	  vs.	  road	  evaluation.	  Ross	  &	  Burnett	  (2001)	  argue	  that	  desk-­‐based	  evaluation	  misses	  lots	  
of	   issues	   identified	   in	  road-­‐based	  evaluation.	  Attention	   is	  drawn	  to	  the	  fact	  that	  the	   issues	  
raised	  are	  not	  restricted	  to	  the	  ‘driving’	  part,	  but	  also	  during	  the	  pre-­‐trip	  task.	  Nevertheless,	  
desk-­‐based	   approaches	   can	   still	   be	   very	   useful	   for	   issues	   such	   as	   menu	   design,	   system	  
feedback,	  etc.	  	  
Despite	  the	  shortcomings	  of	  a	  desk-­‐based	  evaluation	  reported	  by	  Ross	  &	  Burnett	  (2001),	   it	  
can	  still	  offer	  invaluable	  help	  to	  the	  researcher,	  as	  it	  can	  significantly	  reduce	  the	  number	  of	  
pre-­‐trip	  mistakes.	  The	  experience	  built	  up	  from	  the	  ‘on-­‐road’	  evaluation	  can	  greatly	  increase	  
the	  future	  effectiveness	  of	  the	  desk-­‐based	  evaluation.	  In	  addition,	  the	  experience	  and	  craft	  
skill	  of	  the	  researcher	  also	  acts	  as	  a	  catalyst	  to	  the	  effectiveness	  of	  the	  desk-­‐based	  method.	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This	  comparison	  seems	  to	  leave	  out	  a	  comparison	  between	  lab-­‐based	  and	  road	  evaluations.	  
A	   literature	   review	   by	   Kjeldskov	   &	   Graham	   (2003)	   reveals	   that	   while	   ca.	   70%	   of	   mobile	  
evaluation	  was	   lab-­‐based,	  only	  19%	  was	  done	  through	  field	  studies.	  Kjeldskov	  et	  al.	   (2004)	  
argue	   that	   a	   laboratory-­‐based	   evaluation	   can	   produce	   similar	   results	   to	   a	   field-­‐based	  
evaluation	   for	   the	   same	   context-­‐aware	   mobile	   system.	   Nielsen	   et	   al.	   (2006)	   present	  
contradictory	  results	  to	  the	  study	  of	  Kjeldskov	  et	  al.	  (2004).	  Nielsen	  et	  al.	  (2006)	  argue	  that	  
field	  evaluations	  can	   identify	   issues	  that	  are	  not	   identifiable	   in	  a	   lab	  setting,	  coming	  to	  the	  
conclusion	   that	   field	   studies	   are	   the	   way	   to	   go	   despite	   the	   difficulties	   the	   experimenter	  
might	   face.	   The	   results	   of	   Kjeldskov	   et	   al.	   (2004)	   seem	   to	   be	   even	   less	   applicable	   for	   car	  
navigation	   devices,	   as	   it	   becomes	  much	  more	   difficult	   to	   replicate	   all	   the	   contextual	   and	  
location-­‐aware	  properties	  in	  a	  lab	  environment.	  	  Furthermore	  in	  order	  to	  be	  able	  to	  setup	  a	  
lab-­‐based	  evaluation	  of	  such	  systems,	  you	  will	  need	  first	  to	  carry	  out	  a	  sufficient	  number	  of	  
field	  studies	  to	  capture	  all	  the	  data	  that	  needs	  to	  be	  replicated	  in	  such	  a	  setup.	  An	  approach	  
that	  can	  partially	  address	  this	  is	  the	  use	  of	  a	  car	  simulator,	  as	  discussed	  later	  in	  this	  section.	  
Checklists	   vs.	   task-­‐based	   evaluation.	   It	   is	   not	   very	   clear	   how	   task-­‐based	   evaluations	   are	  
applied	   according	   to	   Ross	   &	   Burnett	   (2001)	   as	   they	   refer	   solely	   to	   the	   breakdown	   of	   the	  
navigation	   task	   for	   determining	   the	   information	   required	   and	   for	   setting	   realistic,	   whole	  
tasks.	   The	   limitations	   of	   checklists	   are	   widely	   identified	   in	   the	   HCI	   literature,	   especially	  
relating	   to	   the	   selection	   of	   the	   appropriate	   set,	   their	   application,	   and	   sometimes	   their	  
conflicting	   advice	   (Newman	   and	   Lamming,	   1995,	   Hix	   and	  Hartson,	   1993,	   Dix	   et	   al.,	   2003).	  
Ross	  &	  Burnett	  (2001)	  shift	  their	  focus	  to	  the	  relevance	  of	  existing	  checklists	  to	  the	  specific	  
domain,	   the	   difficulty	   of	   applying	   the	   method	   prior	   to	   a	   user	   trial,	   etc.	   Nevertheless,	  
checklists	  still	  have	  an	   important	  role	   in	  evaluation,	  as	   they	  can	  be	  used	  by	  non-­‐experts	   in	  
usability,	  and	  can	  serve	  as	  a	  ‘screening’	  tool	  from	  the	  initial	  stage	  of	  product	  design.	  Finally,	  
some	  of	  the	  issues	  /	  limitations	  identified	  by	  the	  authors	  can	  be	  relatively	  easily	  resolved	  to	  
an	   extent,	  making	   the	   checklist	   an	   important	   tool	   in	   an	   evaluation	   process.	   For	   example,	  
Ross	  &	   Burnett	   (2001)	   argue	   that	   the	  majority	   of	   checklists	   are	   designed	   to	   be	   applicable	  
across	  all	  types	  of	  in-­‐vehicle	  information	  systems	  and	  as	  a	  result	  many	  questions	  are	  often	  of	  
little	   relevance	   to	   the	   system	   under	   evaluation.	   Although	   this	   might	   be	   the	   case,	   in	   the	  
course	  of	  analysis	  certain	  questions	  can	  be	  removed,	  and	  a	  subset	  of	  the	  guidelines	  can	  be	  
used	  for	  a	  particular	  application.	  
Subjective	   vs.	   objective	  measures.	   The	   use	   of	   subjective	   or	   objective	  measures	   is	   an	   issue	  
relevant	   to	   many	   domains,	   and	   not	   constrained	   to	   navigational	   systems.	   Ross	   &	   Burnett	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(2001)	   report	   on	   two	   different	   case	   studies,	   where	   there	   was	   a	   conflict	   between	   the	  
objective	  and	  subjective	  data.	  The	  objective	  data	  showed	  deterioration	  in	  the	  performance	  
of	   the	   users,	   while	   the	   subjective	   measures	   reported	   improved	   user	   satisfaction.	   Such	  
conflicts	  should	  be	  analysed,	  as	  they	  might	  give	  valuable	  information	  on	  the	  usability	  of	  the	  
system.	  
Expert	  vs.	  user	  evaluation.	  Ross	  &	  Burnett	  (2001)	  argue	  that	  despite	  the	  high	  costs	  of	  user-­‐
based	   evaluation,	   the	   benefits	   are	   very	   important.	   The	   design	   process	   is	   informed	   by	   the	  
target	  users;	  it	  exposes	  issues	  related	  to	  different	  sets	  of	  users	  and	  finally	  records	  objective	  
measures	   such	   as	   eyes-­‐off-­‐road	   time.	   On	   the	   other	   hand,	   experts	   can	   make	   easier,	  
comparative	   evaluations	   between	   systems,	   manufacturers	   or	   particular	   identified	  
requirements	   of	   user	   groups,	   based	   on	   their	   experience.	   Furthermore,	   experts	   are	   not	  
affected	  so	  much	  by	   the	  novelty	  of	   the	  device,	  which	  can	  greatly	  affect	   the	  opinion	  of	   the	  
participants	  during	  a	  user	  trial.	  
The	   dimensions	   described	   above	   present	   a	   sketchy	   framework	   and	   raise	   a	   set	   of	   issues,	  
which	  should	  be	  considered	  when	  planning	   the	  evaluation	  of	  a	  car	  navigation	  system.	   It	   is	  
also	  clear	  that	  there	  is	  no	  complete	  methodology	  which	  can	  cater	  for	  the	  whole	  process	  of	  
evaluation	  for	  such	  systems.	  The	  researcher	  should	  carefully	  assess	  the	  situation	  and	  make	  
the	   choice	   of	   appropriate	  methods	   for	   the	   specific	   device	   and	   questions	   that	   need	   to	   be	  
answered	  in	  relation	  to	  such	  a	  device.	  
	  
3.4 Analytical	  evaluation:	  modelling	  approaches	  
In	   the	   previous	   section	   we	   examined	   some	   general	   dimensions	   that	   a	   researcher	   must	  
consider	   when	   evaluating	   location-­‐aware	   systems.	   We	   examine	   here	   two	   expert-­‐based	  
techniques	  that	  are	  based	  on	  modelling	   in	  order	  to	  predict	  human	  behaviour	   in	  the	  use	  of	  
car	  navigation	  systems.	  
3.4.1 Navigational	  integrated	  model	  
Salvucci	  (2001)	  presents	  an	   integrated	  model	  approach	  to	  predict	  the	  effects	  of	  systems	  on	  
driver	   performance.	   The	   approach	   uses	   the	   ACT-­‐R	   cognitive	   architecture	   to	   integrate	   the	  
model	   of	   driver	   behaviour	   with	  models	   of	   behaviour	   for	   in-­‐car	   interfaces,	   such	   as	   radios,	  
cellular	  phone,	  navigation	  systems,	  etc.	  The	   integrated	  model	  can	  generate	  both	  qualitative	  
and	  quantitative	  predictions,	  based	  on	  the	  effects	  of	  the	  interacting	  behaviours.	  The	  model	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has	   been	   demonstrated	   by	   considering	   the	   effect	   of	   using	   a	   mobile	   phone	   while	   driving,	  
where	   positive	   results	   were	   shown	   for	   the	   predictive	   power	   of	   the	   model	   (Salvucci	   &	  
Macuga,	  2002).	  
The	  integrated	  model	  provides	  predictions	  for	  the	  time	  spent	  by	  the	  driver	  while	  using	  in-­‐car	  
devices,	   the	   total	   time	   of	   gazes	   to	   the	   device	   and	   their	   effect	   on	   the	   performance	   of	   the	  
driver	   on	   steering	   and	  maintaining	   the	   speed	   of	   the	   car.	   Thus	   the	  model	   can	   predict	   the	  
effect	  of	  using	  different	   in-­‐car	  devices	  on	   the	  driving	  behaviour,	  as	   the	  driver	   is	  distracted	  
from	   the	   driving	   task.	   Increased	   values	   in	   the	   prediction	   for	   speed	   and	   steering	   deviation	  
might	  lead	  to	  situations	  where	  the	  safety	  of	  the	  driver	  is	  compromised.	  	  
The	   predictions	   of	   the	   model	   have	   been	   validated	   through	   an	   experiment,	   in	   which	  
drivers/participants	   carried	   out	   specified	   tasks	   in	   a	   driving-­‐simulator.	   Studies	   by	   Salvucci	  
(2001)	  and	  Salvucci	  &	  Macuga	   (2002)	  have	  partially	  validated	  the	  predictions	  of	   the	  model	  
and	   identified	   aspects	   of	   the	   model	   that	   need	   to	   be	   improved,	   in	   order	   to	   improve	   its	  
performance.	  
The	   ACT-­‐R	   cognitive	   architecture	   is	   fairly	   complex	   and	   needs	   to	   be	   understood	   by	   the	  
researcher	  before	  using	  the	  model.	  A	  researcher	  would	  need	  a	  considerable	  amount	  of	  time	  
and	  effort	  to	  accurately	  construct	  (i)	  the	  driving	  behaviour	  model,	  then	  (ii)	  the	  corresponding	  
in-­‐car	   device	   models,	   and	   finally	   (iii)	   the	   integrated	   model.	   One	   of	   the	   main	   properties	  
identified	  by	   the	  model,	  with	   a	   direct	   effect	   on	   the	  driving	   behaviour,	   is	   the	   total	   time	  of	  
eyes-­‐off-­‐the-­‐road,	  already	  identified	  in	  the	  literature	  as	  an	  important	  factor	  for	  the	  usability	  
of	  in-­‐car	  devices.	  
3.4.2 Driver-­‐in-­‐Control	  (DiC)	  model	  
A	  different	  modelling	  approach	  is	  presented	  by	  Hollnagel	  et	  al.	  (2003).	  The	  model,	  Driver-­‐in-­‐
Control	  (DiC),	  describes	  user	  performance	  when	  driving	  a	  car.	  It	  is	  based	  on	  the	  principles	  of	  
cognitive	  engineering	  and	  describes	  driving	  in	  terms	  of	  multiple,	  simultaneous	  control	  loops	  
with	  the	  joint	  driver-­‐vehicle	  system	  (JDVS)	  as	  a	  single	  unit.	  The	  model	  distinguishes	  between	  
four	  control	  modes	  in	  driving	  performance:	  tracking,	  regulating,	  monitoring	  and	  targeting.	  
Each	   control	   level	   is	   made	   up	   of	   a	   cycle	   of	   characteristics	   and	   temporal	   dynamics	   and	  
represents	   one	   of	   the	   control	   modes.	   The	   model	   describes	   explicitly	   how	   changes	   /	  
alterations	   in	   one	   level	   can	   propagate	   between	   the	   other	   control	   levels	   through	   these	  
interconnected	  cycles.	  Ineffective	  control	  occurs	  when	  control	  is	  lost	  in	  one	  or	  more	  of	  these	  
control	   cycles.	  According	   to	   the	  model,	   ‘disturbances’	   to	  one	   level	  may	  affect	  other	   levels	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and	  ultimately	  lead	  to	  loss	  of	  control	  of	  one	  or	  more	  control	  levels.	  When	  this	  happens,	  the	  
quality	  of	  driving	  is	  compromised.	  	  
For	  example,	  when	  the	  navigation	  system	  advises	  the	  driver	  to	  make	  a	  change	  of	  direction,	  
there	   is	   a	   change	   of	   goal	   on	   the	   targeting	   level,	   which	  will	   propagate	   through	   the	  whole	  
model	   to	   reach	   tracking	   level,	   which	   might	   lead	   to	   more	   risky	   manoeuvres.	   Therefore	  
changes	  should	  be	  made	  to	  the	  system	  design	  to	  avoid	  the	  situation,	  by	  removing	  the	  cause	  
of	  error.	  
This	  model	  can	  be	  used	  to	  evaluate	  the	  impact	  of	  in-­‐car	  devices	  on	  driving,	  as	  they	  use	  the	  
various	   controls.	   Nevertheless	   it	   is	   not	   clear	   how	   this	   model	   is	   applied,	   as	   there	   are	   no	  
adequate	   and	   thorough	   examples	   that	   explain	   the	   model,	   or	   how	   to	   apply	   it	   in	   a	   given	  
situation.	  
3.4.3 Summary	  
Both	  modelling	  techniques	  are	  based	  on	  underlying	  cognitive	  models	  and	  attempt	  to	  predict	  
user	   behaviour	   when	   driving	   a	   car.	   Both	   the	   integrated	   model	   (Salvucci,	   2001)	   and	   DiC	  
(Hollnagel	   et	   al.,	   2003)	   also	   try	   to	   reason	   about	   user	   behaviour	   by	   combining	   within	   the	  
same	   model	   both	   the	   user	   and	   the	   system.	   The	   main	   difference	   appears	   in	   the	   results	  
produced	  by	  each	  approach.	  While	  the	  integrated	  model	  (Salvucci,	  2001)	  makes	  quantitative	  
predictions	   by	   providing	   estimates	   for	   various	   factors	   affecting	   driving	   behaviour,	   the	   DiC	  
model	   (Hollnagel	   et	   al.,	   2003)	  makes	  qualitative	  predictions	  about	   the	  performance	  of	   the	  
driver.	   As	   discussed	   in	   Chapter	   7,	   the	   HUM	  model	   (Rukšėnas	   et	   al.,	   2008)	   also	   adopts	   a	  
composite	  approach	  where	  the	  user	  and	  the	  system	  are	  represented	  within	  the	  same	  model,	  
in	  order	  to	  predict	  human	  behaviour.	  The	  HUM	  modelling	  approach	  has	  not	  been	  applied	  to	  
location-­‐aware	  systems.	  Nevertheless,	   in	  Chapter	  7	  we	  use	  elements	  of	   its	   framework	  and	  
present	  a	  potential	   link	  between	   the	  model	  and	   the	  usability	  evaluation	  of	   location-­‐aware	  
systems.	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3.5 Empirical	  evaluation	  
We	  continue	  our	  review	  on	  the	  evaluation	  of	  car	  navigation	  systems,	  by	  exploring	  some	  of	  
the	  dimensions	  described	  earlier	  in	  the	  framework.	  We	  examine	  two	  lab-­‐based	  techniques,	  
the	  occlusion	  technique	  in	  the	  context	  of	  car	  simulations,	  and	  a	  field-­‐based	  technique.	  These	  
techniques,	  in	  contrast	  to	  the	  modelling	  techniques	  described	  above,	  are	  user	  based.	  
3.5.1 The	  occlusion	  technique	  
The	   occlusion	   technique	   can	   help	   simulate	   the	   shift	   of	   visual	   attention	   between	   the	  main	  
task	   (driving)	   and	   the	   in-­‐car	   devices	   or	   instruments	   such	   as	   navigation	   devices	   and	  
speedometer.	   This	   technique	   simulates	   the	   driving	   experience	   when	   using	   a	   navigation	  
device.	  The	  vision	  of	  the	  user	  is	  temporarily	  occluded	  (using	  shutter	  glasses):	  (a)	  during	  the	  
close	   phase	   to	   simulate	   the	   time	   spent	   looking	   at	   the	   road;	   (b)	   during	   the	  open	   phase	   to	  
simulate	   the	   time	   spent	   looking	   at	   the	   navigation	   device.	   The	   goal	   of	   this	   technique	   is	   to	  
evaluate	  whether	  the	  tasks	  on	  the	  device	  can	  be	  executed	  with	  short	  glances	  and	  multiple	  
interactions.	   This	   technique	   highlights	   an	   interesting	   issue	   regarding	   the	   continuity	   of	  
interaction	  required	  during	  a	  task	  execution	  and	  its	   implications	   in	  the	  design	  and	  usability	  
of	  in-­‐car	  systems	  (Noy	  et	  al.,	  2004).	  
The	  method	   does	   not	   appear	   to	   be	  mature	   enough	   yet	   to	   be	   used	   for	   the	   evaluation	   of	  
location-­‐aware	   devices.	   The	   occlusion	   techniques	   can	   only	   cater	   for	   the	   evaluation	   of	  
devices,	  such	  as	  a	  navigation	  system,	  against	  visual	  distractions.	  Studies	  have	  shown	  that	  the	  
technique	  cannot	  cover	  the	  overall	  evaluation	  of	  a	  device,	  as	  the	  occlusion	  technique	  on	  its	  
own	  does	  not	  simulate	  all	  the	  demands	  of	  driving	  a	  car	  in	  a	  realistic	  environment;	  it	  does	  not	  
capture	   auditory	   distraction	   or	   cognitive	   load	   and	   further	   techniques	   are	   needed	   to	  
complement	  it	  (Baumann	  et	  al.,	  2004,	  Lansdown	  et	  al.,	  2004).	  A	  study	  of	  Gelau	  et	  al.	  (2009)	  
has	  shown	  an	  increased	  reliability	  of	  the	  technique	  under	  certain	  scenarios,	  but	  it	  still	  lacks	  
the	   experimental	   protocols	   and	   tools	   to	   be	   used	   effectively	   for	   the	   evaluation	   of	   car	  
navigation	  systems.	  
3.5.2 On-­‐road	  studies	  
On	   road	   studies	   are	   the	   most	   realistic	   method	   for	   the	   evaluation	   of	   in-­‐car	   technologies.	  
Users	  navigate	  in	  a	  proper	  vehicle	  equipped	  with	  a	  navigation	  device.	  Users	  are	  expected	  to	  
demonstrate	   their	   usual	   driving	   behaviour	  while	   following	   the	  navigational	   instructions	   by	  
the	   device.	   Vehicles	   are	   equipped	   with	   various	   monitoring	   devices,	   such	   as	   cameras	   and	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sensors.	  These	  are	  used	  to	  record	  the	  behaviour	  of	  the	  driver	  and	  the	  state	  of	  the	  car,	  while	  
interacting	  with	  the	   in-­‐car	  technologies,	  such	  as	  navigation	  devices,	  mobile	  phones,	  radios,	  
etc.	  	  
On-­‐road	  studies	  do	  not	  come	  without	  a	  significant	  cost.	  The	  design,	  setup	  and	  collection	  of	  
empirical	  data	  during	  the	  empirical	  part	  of	  the	  study	  are	  a	  challenge.	  Due	  to	  the	  nature	  of	  
such	  studies,	  there	  are	  the	  safety	  issues	  that	  need	  to	  be	  addressed.	  The	  research	  plan	  must	  
include	   a	   sound	   empirical	   design	   addressing	   possible	   safety	   concerns.	   It	   should	   cover	  
potential	  safety	  risks	  and	  what	  can	  be	  done	  in	  order	  to	  minimise	  them.	  Ethics	  clearance	  is	  a	  
necessity	   in	   pursuing	   this	   line	   of	   research.	   Although	   it	   might	   introduce	   an	   extra	  
administrative	  load	  to	  the	  design	  process,	  it	  is	  a	  necessary	  procedure	  in	  order	  to	  improve	  the	  
safety	  and	  smooth	  running	  of	  such	  studies.	  	  
3.5.3 Driving	  simulators	  
Although	   on	   road	   studies	   are	   the	   most	   realistic	   method	   for	   the	   evaluation	   of	   in-­‐car	  
technologies,	   they	  are	  potentially	   the	  most	  dangerous	  and	   time	  consuming.	  An	  alternative	  
approach	  to	  do	  user	  studies	  avoiding	  such	  problems	  is	  to	  use	  a	  driving	  simulator.	  We	  outline	  
the	   advantages	   and	   disadvantages	   of	   simulator	   use,	   with	   a	   specific	   focus	   on	   those	   issues	  
pertinent	  to	  in-­‐car	  navigation	  systems.	  	  
	  
High	   fidelity	   simulators	   offer	   an	   environment,	   complete	   with	   scenery,	   sounds,	   and	   car	  
motion,	   facilitating	   evaluation	   of	   a	   system	   in	   a	   relatively	   realistic	   and	   safe	   driving	  
environment,	  where	  users	  perceive	  and	  control	  virtual	  vehicle	  movements	  in	  a	  multi-­‐sensory	  
environment	  (see	  Figure	  3-­‐1).	  	  
Driving	   simulators	   have	   a	   number	   of	   advantages	   over	   on-­‐road	   studies.	   The	   biggest	  
advantage	   relates	   to	   safety	   issues,	   which	   might	   be	   encountered	   during	   on-­‐road	   studies.	  
Driving	  simulators	  provide	  a	  safe	  environment	  where	  experimental	  controls	  can	  be	  applied,	  
Figure	  3-­‐1	  Example	  of	  high	  fidelity	  simulator	  (Transport	  Research	  Laboratory	  –	  TRL)	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such	  as	  the	  types	  and	  difficulty	  of	  driving	  tasks	  (Reed	  and	  Green,	  1999).	  At	  the	  same	  time	  it	  
is	   also	  easier	   to	  monitor	   the	   interaction	  and	   record	  measures	   relating	   to	   the	  behaviour	  of	  
the	   user	   and	   data	   from	   the	   vehicle.	   Furthermore,	   simulators	   allow	   us	   to	   test	   hazardous	  
conditions,	  rare	  and	  unexpected	  events	  that	  would	  not	  be	  possible	  in	  an	  on-­‐road	  study.	  	  
Nevertheless,	   a	   series	   of	   disadvantages	   has	   also	   been	   associated	   with	   driving	   simulators.	  
They	   are	   extremely	   expensive	   to	   set-­‐up	   and	   operate	   making	   them	   less	   attractive	   to	  
researchers	   (Reed	   and	   Green,	   1999).	   Other	   issues	   include	   the	   observer’s	   effect	   in	   the	  
simulator,	  as	  in	  all	   lab-­‐based	  experiments,	  and	  discomfort	  or	  sickness	  during	  its	  use	  (Lee	  et	  
al.,	   1997).	   Differing	   user	   behaviour	   between	   the	   simulator	   and	   real	   driving	   has	   also	   been	  
observed	  (Goodman	  et	  al.,	  1997),	  as	  drivers	  know	  that	  their	  safety	  cannot	  be	  compromised	  
in	  the	  simulator’s	  environment.	  For	  example	  users	  are	   less	  attentive	  as	  they	  know	  this	   is	  a	  
simulated	   space.	   An	   important	   issue	   with	   simulators	   is	   the	   validity	   of	   results.	   Although	   a	  
series	   of	   studies	   have	   been	   carried	   out	   to	   demonstrate	   the	   validity	   of	   simulators	   for	   a	  
particular	  driving	  task	  (Godley	  et	  al.,	  2002,	  Reed	  and	  Green,	  1999,	  Santos	  et	  al.,	  2005),	  this	  
does	   not	   entail	   the	   validity	   of	   all	   simulators	   for	   all	   tasks.	   The	   demands	   on	   the	   fidelity	   are	  
further	  increased	  as	  visibility,	  vehicle	  and	  traffic	  conditions	  (Kemely	  and	  Panerai,	  2003)	  have	  
an	  effect	  on	  user	  behaviour,	  their	  interaction	  with	  the	  system	  and	  the	  overall	  driving	  safety.	  
Further	   validation	   is	   necessary	   depending	   on	   the	   set	   of	   driving	   tasks	   and	   the	   particular	  
simulator.	  
The	  evaluation	  of	  a	  car	  navigation	  device	   in	  a	  car	  simulator	   is	   far	   from	  an	  easy	  enterprise.	  
Evaluating	  a	  commercially	  available	  car	  navigation	  system	  would	  necessitate	   its	   integration	  
within	   the	   virtual	   environment	   created	   by	   the	   simulator.	   Simulators	   create	   virtual	   worlds	  
accompanied	   by	   virtual	   GIS	   data;	   there	   is	   no	   resemblance	   to	   real	   world	   GIS	   data.	  
Interconnecting	   the	  device	   to	   the	   simulator	  would	  be	  only	   a	  minor	   achievement.	   The	   real	  
challenge	  lies	   in	  porting	  the	  GIS	  data	  from	  one	  system	  to	  another.	   In	  order	  to	  evaluate	  the	  
navigation	  system	  we	  would	  need	  to	  convert	  the	  GIS	  data	  of	  the	  simulator	  to	  the	  mapping	  
format	   of	   the	   car	   navigation	   device.	   This	  would	   eventually	   allow	   the	   navigation	   device	   to	  
function	   properly	   within	   the	   simulation	   environment,	   while	   it	   will	   be	   receiving	   the	  
simulator’s	  GPS	  signal.	  This	  would	  allow	  exploring	  and	  evaluating	  the	  full	  functionality	  of	  the	  
navigation	  device	  that	  might	  be	  limited	  by	  other	  approaches	  in	  the	  simulator.	  For	  example,	  
we	   could	   recreate	   certain	   aspects	   of	   the	   navigation	   device,	   by	   programming	   a	   replica	  
application	   directly	   on	   the	   simulation	   system.	   We	   could	   even	   attempt	   to	   recreate	   the	  
navigation	   device	   as	   a	   prototype	   independently	   of	   the	   car	   simulator	   and	   assess	   it	   by	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adopting	  a	  wizard	  of	  oz	  paradigm.	  Both	  the	  latter	  two	  approaches	  would	  also	  require	  a	  big	  
effort	  to	  recreate	  the	  interface	  evaluated,	  while	  limiting	  the	  scope	  and	  realism	  of	  evaluation.	  
	  
3.6 Summary	  
In	  this	  Chapter	  we	  looked	  at	  evaluating	  usability	  of	  location-­‐aware	  systems	  and	  in	  particular	  
car	  navigation	  devices.	  One	  of	   the	  key	  elements	   that	  emerged	  was	   the	  drivers’	  distraction	  
from	   their	   main	   task,	   i.e.,	   driving,	   and	   the	   repercussions	   on	   their	   safety.	   Based	   on	   the	  
evaluation	  framework	  of	  Ross	  &	  Burnett	  (2001),	  we	  discussed	  the	  themes	  in	  the	  usability	  of	  
navigational	  systems.	  The	  framework	  prescribes	  a	  collection	  of	  techniques	  that	  can	  be	  used.	  
In	  the	  next	  Chapter,	  we	  take	  into	  consideration	  the	  dimensions	  identified	  in	  the	  framework	  
to	  ensure	  the	  widest	  possible	  range	  of	  usability	  issues	  are	  detected	  in	  our	  study.	  Finally,	  we	  
looked	  into	  three	  empirical	  approaches	  and	  how	  they	  can	  be	  used	  in	  the	  evaluation	  process.	  
We	   look	  at	   the	   strengths	  and	   shortcomings	  of	  each	  approach	   in	  order	   to	  decide	   the	  most	  
appropriate	  technique	  for	  this	  study,	  as	  discussed	  in	  the	  next	  Chapter.	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Chapter	  4. Methodology	  
In	   this	   Chapter	   we	   overview	   the	   comparative	   study	   describing	   the	   methodology	   that	   we	  
followed	  in	  order	  to	  answer	  the	  research	  question	  as	  presented	  in	  Chapter	  1.	  We	  wanted	  to	  
provide	   the	   researcher	  with	   an	   appropriate	  process	   for	   evaluating	  UEMs	  –	   in	   particular	   in	  
the	   context	   of	   a	   location-­‐aware	   system.	   In	   order	   to	   assess	   the	   current	   situation	   and	   the	  
scope	   of	   tools	   that	   are	  widely	   used	   in	   the	   HCI	   community,	   as	   identified	   in	  Chapter	   2,	   we	  
carried	   out	   a	   combined	   analytical	   and	   empirical	   comparative	   study.	   We	   chose	   a	   set	   of	  
analytical	  techniques	  (UAN,	  EMU,	  Cognitive	  Walkthrough	  for	  operating	  procedures	  &	  Design	  
guidelines)	   representing	   different	   evaluation	   approaches.	  We	   applied	   them	   in	   both	   static	  
and	   dynamic	   contexts	   of	   use	   in	   order	   to	   establish	   their	   suitability	   for	   each	   context.	   The	  
results	  of	   the	  analytical	   techniques	  were	  weighed	  against	   those	  produced	  by	  the	  empirical	  
approach	   in	   the	   same	   contexts	   of	   use,	   in	   order	   to	  measure	   the	   scope	   of	   each	   approach.	  
Furthermore,	   we	   assessed	   the	   scope	   of	   each	   individual	   technique	   within	   the	   analytical	  
approach.	  	  
	  
4.1 Comparative	  study	  
In	  order	  to	  answer	  the	  research	  question,	  we	  put	  together	  a	  research	  plan;	  firstly	  we	  sought	  
to	  validate	  an	  existing	  approach	  (Blandford	  et	  al.,	  2008).	  We	  applied	  it	  in	  a	  different	  domain	  
—	   a	   dynamic	   environment,	   and	   investigated	   different	  ways	   of	   extending	   it.	   The	   approach	  
was	   executed	   in	   the	   framework	   of	   a	   comparative	   study,	  where	   it	   is	   applied	   to	   a	   range	   of	  
analytical	  and	  empirical	  methods	  
We	  provide	  here	  the	  overall	  methodology	  we	  followed	  to	  complete	  the	  comparative	  study.	  
We	  start	  with	  a	  presentation	  of	  the	  phases	  the	  study	  was	  divided	  into,	  namely	  a	  static	  phase	  
and	  a	  dynamic	  phase,	  describing	  the	  specific	  steps	  of	  each	  phase.	  We	  give	  a	  detailed	  account	  
of	  the	  selected	  car	  navigation	  system	  to	  facilitate	  a	  better	  understanding	  of	  the	  evaluation	  
process.	  Finally,	  we	  discuss	   the	  UEMs	  selected	  and	  the	  rationale	  behind	   their	   selection	   for	  
this	  study.	  
In	  order	  to	  assess	  how	  UEMs	  fare	  with	  the	  attributes	  of	  location-­‐aware	  systems,	  we	  carried	  
out	  an	  extended	  comparative	  study.	  We	  wanted	  to	  explore	  the	  limitations	  of	  the	  techniques	  
for	  evaluating	   the	  usability	  of	   location-­‐aware	  devices.	  We	  wanted	   to	   investigate	  how	   they	  
perform	  when	  applied	  in	  a	  dynamic	  environment,	  especially	  in	  comparison	  to	  desktop-­‐based	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applications	  where	  they	  have	  been	  traditionally	  applied.	  The	  choice	  of	  appropriate	  UEMs	  for	  
the	  evaluation	  of	  a	  location-­‐aware	  system	  depends	  on	  this	  desired	  outcome.	  	  
The	   framework	   used	   for	   the	   evaluation	   of	   the	   systems	   builds	   on	   previous	   work	   that	   was	  
carried	  out	  by	  Blandford	  et	  al.	  (2008)	  and	  Hyde	  (2002).	  The	  similarities	  are	  mainly	  based	  on	  
the	  conceptual	  design	  of	  the	  study	  based	  on	  a	  comparison	  of	  usability	  evaluation	  methods.	  
The	  design	  was	  further	  developed	  for	  the	  application	  area	  under	  evaluation	  as	  the	  focus	  of	  
this	   research	   was	   on	   the	   location-­‐aware	   capacity	   of	   each	   usability	   evaluation	   approach.	  
Furthermore,	   we	   enhanced	   the	   analysis	   approach	   and	   adopted	   different	   angles	   for	   the	  
analysis	  of	  data.	  
The	  study	  was	  carried	  out	  in	  two	  phases.	  In	  the	  static	  phase,	  we	  evaluated	  the	  system	  with	  a	  
set	  of	  tasks	  that	  focused	  on	  the	  static	  properties	  of	  the	  system.	  We	  focused	  on	  the	  planning	  
functionality	  of	  car	  navigation	  devices,	  since	  users	  are	  expected	  to	  be	  stationary	  in	  their	  cars	  
while	  programming	  the	  device.	  This	  phase	  was	  important	  for	  the	  validation	  of	  the	  approach,	  
as	  it	  shares	  more	  properties	  with	  the	  system	  under	  evaluation	  in	  Hyde	  (2002).	  
In	   the	   dynamic	   phase,	   we	   focussed	   on	   a	   different	   kind	   of	   interaction;	   following	   the	  
navigational	  instructions	  and	  driving	  a	  vehicle.	  The	  tasks	  selected	  allowed	  us	  to	  explore	  the	  
properties	  of	  the	  interaction	  in	  a	  different	  context	  of	  use,	  where	  the	  interface	  continuously	  
Figure	  4-­‐1	  Comparative	  Study	  structure	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Figure	  4-­‐2	  iPAQ	  TomTom	  Navigation	  
System	  
adapts	  to	  accommodate	  the	  change	  of	  location	  –	  location-­‐aware.	  
The	  phases	  were	  also	  split	   into	  two	  distinct	  parts.	  The	  first	  part	   involved	  the	  application	  of	  
the	   analytical	   UEMs	   to	   the	   device.	   There	   was	   no	   user	   involvement	   in	   part	   one	   of	   either	  
phase,	  as	  the	  author	  carried	  out	  the	  usability	  evaluation	  of	  the	  device.	  In	  the	  second	  part	  of	  
both	   phases	   an	   empirical	   approach	   was	   followed,	   in	   which	   users	   participated	   in	   the	  
evaluation	  process.	  The	  same	  researcher	  carried	  out	  all	   the	  analytical	  evaluations.	   In	  order	  
to	   avoid	   any	   cross	   contamination	   in	   the	   issues	   identified	   by	   each	   technique,	   a	   systematic	  
review	  of	  the	  results	  was	  also	  carried	  out	  (see	  Section	  7.3.)	  	  
In	  the	  second	  part	  of	  the	  study	  we	  evaluated	  the	  device	  empirically,	  using	  the	  same	  scenario	  
and	   tasks	  as	   in	   the	   first	  part	  of	   the	   study.	   The	  empirical	   evaluation	  was	   carried	  out	   in	   the	  
roads	  of	  East	  London	  as	  prescribed	  in	  the	  tasks	  and	  scenario	  also	  used	  for	  the	  analytical	  part	  
of	   the	   study	   (see	   Section	   6.2).	   In	   applying	   the	   UEMs,	   we	   focused	   our	   attention	   on	   the	  
usability	  issues	  that	  drivers	  encounter	  in	  the	  use	  of	  such	  devices,	  employing	  an	  exploratory	  
approach.	  	  	  
	  
4.2 Device	  evaluated	  
As	   discussed	   in	   previous	   Chapters,	   we	   chose	   a	   car	   navigation	   system	   as	   an	   exemplar	  
location-­‐aware	  system	  for	  the	  purposes	  of	  this	  study.	  The	  particular	  system	  was	  chosen,	  as	  it	  
is	  one	  of	  the	  most	  popular	  in-­‐car	  navigation	  systems.	  It	  shares	  the	  basic	  properties	  of	  most	  
navigational	   systems,	   where	   programming	   a	   route	   is	  
accomplished	   through	  a	   touch-­‐screen	   interface,	  while	  
navigation	  is	  instrumented	  through	  auditory	  and	  visual	  
instructions.	  
We	   preferred	   also	   a	   solution	   where	   the	   application	  
was	   based	   on	   an	   iPAQ	   as	   it	   made	   it	   easier	   to	  
interconnect	   with	   other	   systems	   during	   the	   field	  
studies.	   This	   would	   not	   have	   been	   easily	   achievable	  
with	  navigation-­‐only	  devices.	  	  
The	  navigational	  device	  selected	  for	  this	  study	  utilises	  the	  TomTom	  Navigator	  5	  application	  
running	   on	   an	   HP	   iPAQ.	   The	   user	   manipulates	   the	   application	   through	   a	   touch	   screen	  
interface,	  in	  order	  to	  set-­‐up	  an	  itinerary	  or	  communicate	  commands	  to	  the	  application.	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The	  device	  offers	  visual	  and	  auditory	  instructions	  to	  users	  in	  order	  to	  guide	  them	  through	  a	  
predefined	   itinerary.	   The	   system	   offers	   the	   functionality	   usually	   found	   in	   navigational	  
devices,	  such	  as	  looking	  up	  and	  navigating	  to	  an	  address	  or	  point	  of	  interest,	  re-­‐routing	  and	  
generating	  alternative	  routes	  to	  a	  selected	  destination.	  The	  system	  is	  accessed	  via	  a	  touch-­‐
screen	  based	  interface	  comprising	  a	  set	  of	  menus	  and	  data	  entry	  screens	  (Figure	  4-­‐3).	  	  
	  
1. The	  next	  turn	  instruction.	  
2. The	  name	  of	  the	  next	  street	  to	  turn	  onto.	  
3. Configurable	   journey	   information	   including	   arrival	   time,	   time	   to	  
destination	  and	  distance	  to	  destination.	  
4. The	  current	  GPS	  position.	  
5. 'Zoom	  out'	  and	  'Zoom	  in'	  buttons.	  
6. 'Next	  motorway'	  indicator,	  if	  applicable	  
7. A	   ‘phone-­‐style’	   signal	   indicator	   to	   give	   an	   idea	   of	   how	   good	   or	   bad	  
the	   GPS	   reception	   is	   at	   the	   current	   location.	   The	   more	   bars,	   the	  
better.	  
	  
Figure	  4-­‐3.	  Navigating	  with	  TomTom.	  
There	   is	   an	  extensive	  menu	  offered	   to	   the	  user	   to	   set	  up	  an	   itinerary.	  A	   small	   part	   of	   the	  
interaction	   is	   examined	   in	   Chapter	   5.	   After	   the	   device	   has	   been	   programmed	   with	   the	  
desired	  itinerary	  it	  begins	  to	  provide	  navigational	  instructions.	  When	  the	  driver	  approaches	  a	  
specific	   turn	   in	   the	   calculated	   route,	   a	   voice	   instruction	   is	   generated	   by	   the	   system.	   For	  
example,	  "In	  100	  yards,	   turn	   left",	   followed	  by	  "Turn	   left".	  As	   the	  user	  navigates,	   following	  
the	   auditory	   instructions,	   the	   device	   display	   is	   updated	   continuously,	   showing	   upcoming	  
roads	  and	  junctions.	  If	  the	  driver	  misses	  a	  turn	  or	  drives	  down	  the	  wrong	  road,	  a	  new	  route	  
is	  calculated	  automatically,	  based	  on	  the	  new	  position	  and	  direction	  of	  travel.	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4.3 Evaluation	  
As	  described	   in	  Section	  4.1	   the	  usability	  evaluation	  of	   the	  device	  was	  split	   into	  two	  phases	  
and	   two	  parts	   respectively,	  where	   the	  analytical	  and	  empirical	   techniques	  were	  applied	   to	  
the	  system.	  We	  give	  in	  this	  section	  an	  overview	  of	  the	  techniques,	  while	  an	  extensive	  review	  
can	  be	  found	   in	  Chapter	  5	  and	  Chapter	  6.	  An	  overview	  of	  the	  different	  usability	  evaluation	  
approaches	  for	  both	  phases	  can	  be	  seen	  in	  Figure	  4-­‐4.	  
	  
Figure	  4-­‐4	  Overview	  of	  comparative	  study	  	  
Task	  selection	  
For	   the	  purpose	  of	   this	   case	   study	  we	   selected	  a	   set	  of	   tasks	   that	   is	   representative	  of	   the	  
user	   of	   such	   devices.	   That	   included	   selecting	   a	   route	   (static	   part)	   and	   following	   the	  
generated	   instructions	   (dynamic	  part)	  generating	  a	  wide	  coverage	  of	   issues.	  We	  selected	  a	  
city-­‐scape	  environment	  as	  there	  are	  more	  interactions	  between	  the	  user	  and	  the	  device,	  due	  
to	  the	  variance	  of	  instructions.	  By	  contrast,	  motorway	  navigation	  produces	  a	  smaller	  number	  
of	  interactions,	  as	  the	  instructions	  are	  less	  infrequent.	  
4.3.1 Analytical	  evaluation	  
Four	   methods	   were	   chosen	   for	   the	   analytical	   part	   of	   the	   study,	   representing	   diverse	  
approaches	  to	  evaluation.	  We	  discuss	  here	  the	  rationale	  for	  choosing	  these	  methods,	  while	  a	  
summary	   can	   be	   seen	   in	   Table	   4-­‐1.	   The	  methods	   selected	   are	   characterised	   by	   a	   varying	  
degree	  of	  formality	  (as	  represented	  subjectively	  in	  Figure	  4-­‐5)	  spanning	  on	  informal	  to	  semi-­‐
formal	   spectrum,	   each	   advocating	   a	   different	   approach	   to	   user	   interface	   evaluation.	   The	  
degree	  of	  formality	  was	  only	  one	  of	  the	  criteria	  used	  when	  selecting	  the	  techniques	  for	  this	  
study.	   Having	   a	   mixture	   of	   different	   characteristics	   across	   the	   different	   techniques	   was	  
important	  to	  achieve	  the	  greatest	  range	  of	  usability	   issues.	  The	  selection	  of	  the	  techniques	  
















Phase	  1:	  Lab	  
experiment	  
Phase	  2:	  On-­‐road	  
experiment	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Chapter	   in	  order	  to	  maximise	  the	  coverage	  of	  usability	  issues.	  The	  methods	  selected	  varied	  
from	   informal	   to	   semi-­‐formal,	   based	   primarily	   on	   the	   notation	   and	   secondarily	   on	   the	  
methodological	  constructs	  of	  each	  method.	  DG	  &	  CW	  have	  no	  notation,	  while	  UAN	  and	  EMU	  
offer	  strong	  notational	  support.	  In	  each	  group,	  there	  is	  a	  varying	  degree	  of	  the	  rigour	  of	  the	  
method.	   DG	   is	   unstructured	   while	   CW	   is	   highly	   structured;	   UAN	   is	   semi-­‐structured	   while	  
EMU	   is	   also	   highly	   structured.	   Going	   further	   from	   semi-­‐formal	   to	   formal	   would	   have	  
required	  methods	  that	  support	  notational	  semantics;	  such	  options	  were	  not	  explored	  in	  this	  
study.	  	  
	  
Figure	  4-­‐5	  Degree	  of	  formality	  for	  UEMs	  selected	  
The	   first	   technique	   selected	   was	   Cognitive	   Walkthrough	   for	   Operating	   Procedures	   –	   CW	  
(Novick	   and	   Chater,	   1999)	   a	   modified	   version	   of	   Cognitive	   Walkthrough	   (Wharton	   et	   al.,	  
1994).	   This	   technique	   is	   highly	   suitable	   for	  walk	   up	   and	   use	   interfaces	   such	   as	   navigation	  
devices,	  as	  you	  cannot	  expect	  users	  to	  receive	  any	  training	  before	  using	  them.	  The	  technique	  
also	  accounts	   for	  steps	  and	  resources	  outside	  the	  computer's	  part	  of	   the	  system	  interface,	  
providing	  the	  necessary	  framework	  to	  capture	  issues	  pertinent	  to	  the	  domain.	  	  
The	   second	   technique	  was	  EMU	   (Evaluating	  Multi-­‐Modal	  Usability)	   (Hyde,	  2002).	  EMU	   is	  a	  
technique	  specifically	  implemented	  for	  multimodal	  systems,	  thus	  appropriate	  for	  this	  type	  of	  
device.	  Capturing	  the	  context	  of	  use	  and	  the	  communication	  between	  user	  and	  system	  is	  an	  
integral	  part	  of	  its	  process	  making	  the	  technique	  highly	  suitable	  for	  this	  study.	  
The	   third	   technique	  selected	  was	  UAN	   (User	  Action	  Notation)	   (Hartson	  and	  Gray,	  1992).	   It	  
provides	   an	   extensive	   notation,	   incorporating	   temporal	   issues	   and	   patterns	   for	   the	  
specification	  of	   the	   interface.	  Although	  UAN	   is	  not	  a	  usability	   technique	  per	   se,	   it	   allows	  a	  
close	  inspection	  of	  the	  interface	  and	  identification	  of	  usability	  issues.	  	  	  
Finally,	  Leveson’s	  design	  guidelines	  (Leveson,	  1995)	  were	  selected	  because	  of	  their	  focus	  on	  
error	  detection	  and	  analysis.	  They	  allow	  the	  investigation	  of	  the	  usability	  of	  the	  device	  under	  
the	  prism	  of	  safety,	  an	  important	  aspect	  of	  the	  usability	  for	  car	  navigation	  systems.	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Technique	   Characteristics	  
CW	   Walk-­‐up	  and	  use,	  error	  detection	  
EMU	   Multimodal	  interfaces,	  context	  of	  use,	  user-­‐system	  communication	  
UAN	   Specification	  language,	  notation	  
DG	   Error	  detection,	  safety	  critical	  
	  
The	   separate	   techniques	   focus	   on	   different	   angles	   on	   the	   usability	   of	   the	   device	   (as	  
summarised	   in	   Table	   4-­‐1),	   giving	   us	   a	   wide	   range	   of	   usability	   issues,	   allowing	   for	   a	  
comparison	  with	  the	  findings	  identified	  empirically.	  	  
More	  information	  about	  the	  techniques	  selected	  can	  be	  found	  in	  Chapter	  5,	  while	  examples	  
of	  applying	  the	  techniques	  from	  phase	  1	  and	  phase	  2	  can	  be	  seen	  in	  Chapter	  7.	  
4.3.2 Empirical	  evaluation	  
The	  empirical	  evaluation	  of	  the	  device	  follows	  the	  framework	  of	  the	  overall	  study	  and	  is	  also	  
carried	  out	  in	  two	  independent	  phases.	  	  
The	   static	   phase	   (phase	   one)	  was	   carried	   out	   in	   a	   usability	   laboratory,	  while	   the	   dynamic	  
phase	  (phase	  two)	  was	  carried	  out	  as	  an	  on-­‐road	  experiment.	  During	  the	  static	  phase	  of	  the	  
experiment,	   the	   navigation	   device	   is	   stationary,	   while	   it	   is	   being	   programmed.	   Thus	   the	  
location-­‐aware	  properties	  of	  the	  application	  are	  easily	  replicated	  in	  the	  lab,	  as	  the	  impact	  of	  
the	  dynamic	  environment	  is	  limited.	  	  
In	  the	  dynamic	  phase	  the	  environmental	  conditions	  change	  drastically	  and	  that	  change	  has	  
an	   immediate	   impact	   on	   the	   interaction,	   as	   the	   device	   is	   location-­‐aware.	   The	   users	   were	  
required	   to	   follow	  guidance	   instructions	   from	   the	   car	  navigation	  device	  while	  driving	   their	  
cars,	  while	  monitoring	  a	  range	  of	  environmental	  variables	  (e.g.,	  car	  instruments,	  traffic	  lights,	  
pedestrians,	  other	  traffic,	  etc.).	  
As	  we	  discussed	  in	  Chapter	  3	  there	  are	  several	  ways	  to	  approach	  the	  evaluation	  in	  this	  phase	  
empirically,	   including	   car	   simulators,	   occlusion	   techniques,	   etc.	   For	   the	   purposes	   of	   this	  
study	   we	   decided	   to	   use	   on-­‐road	   trials	   rather	   than	   a	   simulator	   or	   occlusion	   techniques.	  
Table	  4-­‐1	  Characteristics	  of	  analytical	  techniques	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Usability	  evaluation	   in	   the	   field	   is	   time	  consuming,	  expensive,	   introduces	  safety	   issues	  and	  
reduces	  experimental	  controls	  (Kjeldskov	  and	  Stage,	  2003,	  Kjeldskov	  et	  al.,	  2004,	  Nielsen	  et	  
al.,	  2006,	  Papatzanis	  et	  al.,	  2007).	  Nevertheless,	  we	  believe	  that	  on-­‐road	  experiments	  were	  
best	  to	  proceed	  with	  the	  evaluation	  of	  the	  system	  despite	  the	  difficulties	  and	  challenges	  of	  
evaluation	  usability	  in	  the	  wild.	  	  
On-­‐road	  studies	  are	  an	  appropriate	  method	   that	  can	  provide	  us	  with	   suitable	  data	   for	  our	  
research	  question,	  by	  avoiding	  most	  experimental	  bias	   that	  we	  would	  have	   to	   tackle	   in	  an	  
artificial	  experimental	  setting	  of	  a	  laboratory.	  They	  give	  us	  important	  insight	  regarding	  issues	  
of	  context	  of	  use	  and	  the	  opportunity	  to	  contrast	  their	  findings	  with	  the	  analytical	  approach.	  
An	  extensive	  review	  of	  the	  empirical	  evaluation	  protocol	  of	  both	  phase	  one	  and	  phase	  two	  
can	  be	  found	  in	  Chapter	  5	  and	  Chapter	  6	  respectively.	  
	  
4.4 Analysis	  of	  results	  
The	   last	   stage	   of	   the	   comparative	   study	   is	   the	   analysis	   of	   results	   following	   the	   usability	  
evaluation	  that	  took	  place	  during	  phase	  one:	  Static	  and	  phase	  two:	  Dynamic.	  The	  analysis	  of	  
results	  itself	  was	  split	  into	  several	  parts	  covering	  a	  variety	  of	  different	  angles.	  The	  framework	  
of	  analysis	  and	  the	  results	  can	  be	  found	  in	  Chapter	  7.	  	  
4.5 Summary	  
In	  this	  Chapter	  we	  outlined	  the	  methodology	  of	  our	  comparative	  study	  to	  explore	  ways	  for	  
evaluating	  evaluation	  methods.	  The	  evaluation	  was	  split	  into	  two	  phases	  to	  cover	  the	  static	  
and	  dynamic	  aspects	  of	  the	  device.	  Each	  phase	  was	  subsequently	  split	  into	  an	  analytical	  and	  
an	   empirical	   part.	   In	   the	   analytical	   part	   of	   each	   phase	   we	   applied	   a	   set	   of	   four	   different	  
techniques	   to	  maximise	   the	   scope	  of	   identified	  usability	   issues.	  For	   the	  empirical	  parts	  we	  
carried	   out	   laboratory-­‐based	   and	   on-­‐road	   experiments	   for	   phase	   one	   and	   phase	   two	  
respectively.	  The	  study	  was	  concluded	  with	  an	  extensive	  analysis	  of	  results	  from	  the	  various	  
parts	  and	  phases	  of	  the	  study.	  
In	  the	  next	  Chapter	  we	  report	  on	  phase	  one	  of	  our	  study	  where	  the	  car	  navigation	  device	  is	  
evaluated	  in	  a	  static	  environment.	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Chapter	  5. Evaluating	  usability	  in	  a	  static	  environment	  
In	  this	  Chapter	  we	  describe	  the	  evaluation	  process	  as	  carried	  out	  in	  a	  static	  environment.	  We	  
also	  take	  a	  more	  detailed	  look	  at	  the	  techniques	  we	  have	  selected.	  The	  evaluation	  was	  based	  
on	  static	  aspects	  of	  the	  system	  we	  selected	  for	  this	  study	  –	  the	  TomTom	  navigation	  system.	  
Route	   planning	   tasks	   on	   a	   car	   navigation	   system	  were	   evaluated	   using	   a	   set	   of	   analytical	  
techniques;	  the	  same	  set	  of	  tasks	  was	  later	  utilised	  during	  a	  lab-­‐based	  empirical	  study.	  The	  
results	   produced	   by	   each	   class	   of	   approach	   –	   analytical	   and	   empirical	   –	   gave	   different	  
insights,	  not	  only	  in	  terms	  of	  the	  usability	  of	  the	  system,	  but	  also	  about	  the	  different	  kinds	  of	  
issues	  that	  each	  class	  of	  approach	  can	  identify.	  Furthermore,	  the	  empirical	  evaluation	  assists	  
us	   in	   assessing	   the	   external	   validity	   of	   the	   results,	   while	   identifying	   the	   scope	   of	   each	  
technique	  and	  class	  of	  approach	  –	  analytical	  and	  empirical.	  	  
	  
5.1 Introduction	  
The	   evaluation	   process	   that	   we	   carried	   out	   is	   presented	   in	   this	   Chapter	   following	   the	  
structure	   overviewed	   in	   Figure	   5-­‐1,	   for	   analytical	   and	   empirical	   evaluation	   processes	  
respectively.	  Firstly,	  in	  Section	  5.2	  we	  present	  the	  scenario	  &	  tasks	  that	  were	  used	  for	  both	  
parts	   of	   the	   evaluation	   –	   analytical	   &	   empirical.	   We	   continue	   in	   Section	   5.3	   with	   the	  
analytical	   evaluation;	   a	   brief	   presentation	   of	   the	   methods	   is	   given	   followed	   by	   short	  
examples	  on	  how	  they	  were	  operationalised	  in	  the	  context	  of	  this	  study.	  
	  
Figure	  5-­‐1	  Evaluation	  process	  for	  static	  phase	  of	  the	  study	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During	   the	   application	   of	   the	   analytical	  methods,	  we	   reflected	   on	   their	   shortcomings	   and	  
strengths,	  especially	  under	  the	  prism	  of	  the	  dimensions	  we	  identified	  in	  Section	  2.3.	  They	  are	  
briefly	  discussed	   following	   the	  application	  of	  each	  method	   to	  give	  a	   flavour	  of	   the	  kind	  of	  
issues	  that	  a	  researcher	  can	  potentially	  encounter.	  	  
We	  continue	  with	  the	  presentation	  of	  the	  empirical	  evaluation,	  which	  focuses	  primarily	  on	  
the	   experimental	   design	   and	   how	   it	   was	   operationalised.	   The	   final	   part	   of	   this	   Chapter	  
overviews	  the	  overall	  results	  from	  both	  parts	  of	  the	  study	  and	  how	  they	  were	  aggregated	  for	  
our	   comparative	   review.	   The	   analysis	   of	   results	   from	  both	   phases	   of	   the	   study	   (static	   and	  




The	   static	   part	   of	   the	   study	   was	   executed	   in	   two	   discrete	   parts:	   an	   analytical	   evaluation	  
followed	   by	   the	   empirical	   evaluation.	   	   The	   completion	   of	   both	   parts	   of	   the	   study	   was	  
followed	  by	  an	  analysis	  of	  the	  results	  comparing	  the	  two	  classes	  of	  approach.	  In	  both	  parts,	  
the	  usability	  of	   the	  selected	  system	  was	  assessed	  against	  a	  predefined	  scenario	  and	  set	  of	  
tasks	  (see	  Table	  5-­‐1).	  	  
In	   the	   analytical	   part	   we	   applied	   sequentially	   each	   of	   the	   analytical	   techniques	   selected;	  
namely	   Cognitive	  Walkthrough,	   UAN,	   EMU	  &	   Design	   Guidelines.	   The	   empirical	   evaluation	  
that	  also	  followed	  used	  these	  tasks.	  We	  look	  at	  each	  of	  these	  techniques	  in	  this	  Chapter.	  We	  
Table	  5-­‐1.	  Sample	  tasks	  used	  for	  the	  evaluation	  (static)	  
Task	  1:	  	  Program	  the	  device	  to	  reach	  the	  city	  centre	  of	  Leeds.	  






Task	  3:	  Check	  the	  route	  to	  see	  if	  you	  are	  using	  the	  M621.	  If	  you	  do,	  program	  the	  device	  to	  avoid	  this	  
part	  of	  the	  route,	  as	  there	  is	  traffic	  in	  that	  area.	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describe	   the	   four	  methods	   and	   how	   they	  were	   operationalised	   during	   their	   application	   in	  
both	  phases	  of	  the	  study	  –	  static	  &	  dynamic	  environments.	  
Scenario	  &	  tasks	  
In	   the	   static	   study,	   the	   scenario	   and	   tasks	  were	   based	   on	   activities	   carried	   out	   by	   drivers	  
prior	  to	  driving	  to	  their	  destination	  rather	  than	  whilst	  driving,	  i.e.,	  preparing	  an	  itinerary	  on	  
the	  navigation	  device.	  They	  were	  selected	  as	  the	  most	  representative	  set	  of	  tasks	  that	  users	  
encounter	   in	   the	   use	   of	   such	   devices.	   They	   made	   it	   possible	   to	   assess	   a	   wide	   range	   of	  
primary	  functions	  that	  are	  frequently	  used	  in	  such	  devices.	  For	  the	  first	  part	  of	  the	  study	  the	  
tasks	  are	  ones	  that	  would	  take	  place	  typically	   in	  the	  car	  while	  stationary.	  For	  the	  empirical	  
study	  they	  were	  carried	  out	  in	  a	  usability	  lab.	  
	  	  	  	  	  	  	  	  	  	  	   	  
Figure	  5-­‐2	  (a)	  House	  number	  entry;	  (b)	  Street	  crossing	  menu	  
We	  present	  for	  illustration	  a	  step	  of	  the	  task	  structure	  of	  the	  system	  (Table	  5-­‐3)	  and	  how	  it	  
was	  captured	  by	  each	  technique.	  This	  segment	  of	  the	  interface	  analysed	  requires	  the	  user	  to	  
input	  a	  house	  number	  for	  the	  destination	  (see	  Figure	  5-­‐2a).	  The	  house	  number	  information	  
was	  not	  provided	  to	  the	  user	  in	  the	  scenario.	  It	  was	  not	  immediately	  evident	  how	  to	  skip	  this	  
step	  on	  the	  system.	  There	  were	  two	  ways	  for	  the	  user	  to	  complete	  this	  step.	  One	  way	  was	  to	  
select	  ‘done’,	  which	  would	  take	  the	  user	  to	  another	  step,	  where	  it	  was	  required	  to	  select	  a	  
crossing	   of	   the	   selected	   street	   (Figure	   5-­‐2b).	   From	   that	   screen	   the	   user	   could	   select	  
‘anywhere’	   in	   order	   to	   complete	   the	   interaction.	   If	   there	   were	   no	   crossings	   available	   the	  
system	  would	  calculate	  immediately	  the	  route	  once	  the	  user	  had	  selected	  ‘done’.	  
Alternatively	  the	  user	  could	  have	  inputted	  a	  random	  number	  into	  the	  system;	  if	  the	  user	  was	  
lucky	   enough	   and	   the	   number	   existed	   in	   the	   database,	   then	   the	   route	   would	   have	   been	  
calculated	  to	  the	  random	  number.	  Otherwise,	  an	  error	  message	  would	  appear	  and	  the	  user	  
would	  have	  been	  taken	  back	  to	  house	  number	  input	  (see	  Figure	  5-­‐2a).	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5.3 Analytical	  Evaluation	  
Four	  methods	  were	  chosen	  for	  the	  analytical	  part	  of	  the	  study,	  covering	  diverse	  approaches	  
to	   evaluation.	   In	   the	   subsequent	   sections,	  we	  describe	   these	   techniques	   and	  demonstrate	  
how	  they	  were	  applied	   for	   the	  purpose	  of	   this	   study.	  We	  carried	  out	  a	   series	  of	  analytical	  
evaluations	  for	  the	  first	  part	  of	  the	  study	  and	  an	  empirical	  evaluation	  of	  the	  device,	  using	  the	  
same	   scenario	  and	   tasks	  as	   in	   the	   second	  part.	   The	  analytical	   evaluations	  were	   conducted	  
first	  followed	  by	  the	  empirical	  evaluation.	  The	  latter	  was	  carried	  out	  in	  a	  usability	  laboratory.	  
Due	  to	  the	  nature	  of	  the	  tasks,	  the	  context	  –	  	  being	  in	  a	  car	  –	  	  was	  not	  deemed	  as	  relevant	  
for	   the	   set	  of	   tasks	   selected	   for	   this	  phase	  of	   the	   study.	  We	   focused	  our	   attention	  on	   the	  
usability	   issues	   that	   drivers	   encounter	   in	   the	   use	   of	   location-­‐aware	   devices,	   employing	   an	  
exploratory	  approach	  in	  the	  analysis	  of	  data.	  	  
Technique	   Key	  text	  	  
Cognitive	  Walkthrough	  for	  Operating	  Procedures	   Novick	  &	  Chater,	  1999	  
EMU	  (Evaluating	  Multimodal	  Usability)	   Hyde,	  2002	  
UAN	  (User	  Action	  Notation)	   Hartson,	  Antonio	  &	  Hix,	  1990	  
Design	  Guidelines	   Leveson,	  1995	  
	  
In	  the	  analytical	  parts	  of	  the	  study,	  both	  static	  and	  dynamic,	  we	  chose	  a	  particular	  version	  of	  
the	   techniques	   and	   consistently	   applied	   it	   for	   each	   task.	   The	   particular	   key	   texts	   used	   for	  
comparison	  are	  given	  in	  Table	  5-­‐2.	  	  
In	  an	  analytical	  evaluation,	  the	  personal	  judgement	  and	  experience	  of	  a	  researcher	  may	  have	  
a	  significant	   impact	  on	  the	  results	  –	  known	  as	  the	  evaluator	  effect	  (Hertzum	  and	  Jacobsen,	  
2003).	   In	   this	   study	   we	   focus	   more	   on	   the	   types	   of	   problems	   reported	   by	   each	   class	   of	  
approach,	   rather	   than	   just	   contrasting	   problem	   counts,	   so	   this	   problem	   is	   less	   critical.	  
Nevertheless,	   in	   order	   to	  minimise	   such	  effects	  we	   carried	  out	   a	   systematic	   review	  of	   the	  
results.	  This	  is	  discussed	  in	  detail	  in	  Section	  7.3.	  
Table	  5-­‐2	  Techniques	  used	  for	  analytical	  evaluation	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In	   the	   subsequent	   sections	  we	   review	   each	  method	   as	   followed,	   give	   example	   extracts	   to	  
give	  a	  flavour	  of	  the	  analysis	  performed	  and	  discuss	  the	  results	  briefly,	  all	  as	  preparation	  for	  
the	  later	  comparative	  review.	  
After	  each	  method	  was	  completed	  we	  reflected	  on	  the	  process	  (discussion	  section)	  drawing	  
out	   weaknesses	   and	   strengths.	   These	   discussions	   are	   provided	   to	   aid	   the	   reader	   to	  
understand	   the	   methods,	   but	   also	   as	   data	   for	   assessing	   the	   evaluation	   dimensions	   (see	  
Section	  7.8).	  
Task	  Analysis	  
Before	   carrying	   out	   the	   analytical	   evaluation,	   we	   carried	   out	   a	   task	   analysis	   in	   order	   to	  
identify	  the	  interaction	  flow	  to	  complete	  the	  tasks.	  An	  extract	  of	  the	  interaction	  flow	  for	  the	  
first	   task	   is	   presented	   in	   Table	   5-­‐3	   and	   Figure	   5-­‐3.	   These	   were	   used	   as	   the	   basis	   for	   all	  
analytical	  evaluations.	  	  
Table	  5-­‐3.	  Interaction	  flow	  for	  task	  1	  
Task	  1	  
1. Go	  to	  the	  menu	  
2. Select	  ‘navigate	  to…’	  
3. Go	  to	  next	  menu	  page	  
4. Select	  ‘City	  centre’	  
5. Type	  in	  ‘Leeds’	  
6. Select	  Leeds	  (West	  Yorkshire)	  
7. Review	  map	  and	  select	  ‘done’	  
	  
	  
Figure	  5-­‐3	  Interaction	  flow	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5.3.1 Cognitive	  walkthrough	  for	  operating	  procedures	  
Description	  of	  method	  
Cognitive	  Walkthrough	   is	  an	   informal	   inspection	  methodology	  for	  systematically	  evaluating	  
features	   of	   an	   interface	   in	   the	   context	   of	   the	   exploratory	   theory	   CE+	   (Lewis	   et	   al.,	   1990,	  
Wharton	   et	   al.,	   1994).	   Wharton	   et	   al	   (1994)	   	   present	   CW	   as	   a	   theoretically	   structured	  
evaluation	   process	   that	   follows	   the	   application	   of	   a	   set	   of	   questions,	   derived	   from	   the	  
underlying	  theory,	  and	  attempting	  to	  focus	  the	  attention	  of	  the	  researcher	  on	  the	  CE+	  claims.	  	  
Cognitive	  Walkthrough	  has	  been	  a	  popular	  methodology,	  which	  has	  been	  used	  widely	  in	  the	  
HCI	   community	   and	   industry,	   while	   at	   the	   same	   time	   attracting	   lots	   of	   criticism.	   This	  
prompted	  the	  evolution	  of	  the	  methodology	  by	  its	  creators	  through	  a	  series	  of	  iterations	  to	  
three	   versions	   (Polson	   and	   Lewis,	   1990,	   Polson	   et	   al.,	   1992,	  Wharton	   et	   al.,	   1994),	   while	  
Spencer	  (2000)	  has	  attempted	  to	  address	  various	  problem	  areas	  of	  Cognitive	  Walkthrough	  in	  
the	  Streamlined	  Cognitive	  Walkthrough.	  	  
One	   interesting	   aspect	   of	   Cognitive	   Walkthrough	   is	   that	   it	   has	   been	   used	   by	   various	  
researchers	  as	  a	  framework	  for	  creating	  new	  methodologies,	  such	  as	  Cognitive	  Walkthrough	  
for	   the	   Web	   (Blackmon	   et	   al.,	   2002)	   and	   Activity	   Walkthrough	   (Bertelsen,	   2003).	   These	  
methodologies	   use	   some	   of	   the	   elements	   of	   the	   Cognitive	   Walkthrough,	   although	   the	  
underlying	   model	   is	   replaced	   /	   complemented	   by	   other	   models.	   The	   familiarity	   of	  
researchers	   with	   Cognitive	   Walkthrough	   could	   potentially	   promote	   the	   uptake	   of	   such	  
methods,	   although	   their	   complexity	   in	   comparison	   to	   Cognitive	   Walkthrough	   is	   an	  
impediment.	  	  
In	   this	   study	  we	   used	   Cognitive	  Walkthrough	   for	  Operating	   Procedures	   –	   CW	   (Novick	   and	  
Chater,	   1999)	   a	  modified	   version	   of	   Cognitive	  Walkthrough	   (Wharton	   et	   al.,	   1994).	   It	   has	  
been	  adapted	  to	  account	  for	  steps	  and	  resources	  outside	  the	  computer's	  part	  of	  the	  system	  
interface.	  The	  Cognitive	  Walkthrough	  method	  has	  been	  complemented	  by	  a	  set	  of	  questions,	  
that	   cover	   both	   the	   documentation	   and	   operating	   procedures	   of	   a	   system	   (Novick	   and	  
Chater,	   1999).	   As	   a	   result	   of	   these	   extensions,	   Cognitive	   Walkthrough	   for	   Operating	  
Procedures	   captures	   issues	   with	   regards	   to	   safety,	   errors	   and	   training	   that	   would	   not	   be	  
normally	  captured	  with	  Cognitive	  Walkthrough,	  but	  that	  are	  important	  given	  the	  concerns	  of	  
our	  study.	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The	  following	  five	  key	  changes	  were	  made	  to	  Cognitive	  Walkthrough	  (Wharton	  et	  al.,	  1994)	  
to	  come	  up	  with	  Cognitive	  Walkthrough	  for	  Operating	  Procedures:	  	  
• Dealing	  with	  procedural	  rather	  than	  interface	  steps.	  Some	  procedural	  steps	  may	  not	  
involve	  action	   in	  the	   interface.	  This	  addresses	  the	   issue	  of	   including	  human-­‐human	  
as	  well	  as	  human-­‐machine	  interaction.	  	  
• Drawing	   the	   evaluator's	   attention	   to	   the	   presentation	   of	   the	   procedure	   in	   the	  
documentation.	  This	  is	  the	  way	  the	  procedure	  exists	  in	  the	  context	  of	  use.	  	  
• Asking	  the	  evaluator	  to	  determine	  explicitly	  if	  training	  or	  experience	  is	  required	  for	  a	  
particular	   step.	   These	   factors	   are	   typical	   justifications	   for	   a	   link	   between,	   for	  
example,	  goals	  and	  actions.	  Requirement	  of	  training	  or	  experience	  may	  indicate	  that	  
the	  procedure	  should	  be	  modified	  or	  that	  the	  documentation	  be	  clarified.	  	  
• Looking	  at	  whether	  the	  procedure	  correctly	  implements	  the	  intended	  function	  with	  
respect	  to	  the	  overall	  system.	  This	  addresses	  issues	  of	  usefulness	  and	  safety.	  	  
• Determining	  whether	  errors	  are	  probable	  and,	   if	   so,	  whether	   these	  would	  have	  an	  
effect	  on	  safety.	  	  
Table	  5-­‐4.	  Cognitive	  Walkthrough	  extract	  (From	  our	  analysis	  from	  Task	  1)	   	  
Task:	  Enter	  destination	  
Question	  1:	  Will	  the	  users	  try	  to	  achieve	  the	  right	  effect?	  
No.	  The	  system	  requires	  information	  not	  known	  by	  the	  driver.	  
Question	  2:	  	  Will	  the	  user	  notice	  the	  correct	  action	  is	  available?	  
Probably	   not.	   The	   driver	   should	   select	   ‘done’	   on	   this	   screen,	   in	   order	   to	   avoid	   inputting	   a	   house	  
number.	  	  
Question	  3:	  	  Will	  the	  user	  associate	  the	  correct	  action	  with	  the	  effect	  trying	  to	  be	  achieved?	  
No.	  The	  driver	  might	  attempt	  to	  enter	  a	  random	  number	  to	  skip	  this	  screen.	  
Question	  4:	   If	  the	  correct	  action	   is	  performed,	  will	   the	  user	  see	  that	  progress	   is	  being	  made	  towards	  
the	  solution	  of	  the	  task?	  
Not	  really.	  Once	  the	  selection	   is	  made	  the	  system	  automatically	  starts	  calculating	  the	  route	  without	  
any	   further	   confirmation.	  The	  markers	  and	   labels	  on	   the	  map	  are	   indiscernible	  or	  non-­‐existent	  and	  
cannot	  confirm	  the	  route	  that	  the	  driver	  has	  been	  trying	  to	  build	  up.	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Application	  of	  method	  
For	   our	   study,	   the	   evaluation	   was	   carried	   out	   in	   the	   first	   instance	   following	   the	   core	  
prescribed	  set	  of	  questions	  asked	  about	  each	  step	  in	  the	  task.	  The	  questions,	  derived	  from	  
the	   underlying	   theory	   of	   CW,	   (see	   Table	   5-­‐4)	   were	   preceded	   by	   a	   task	   analysis	   and	   the	  
selection	   of	   the	   appropriate	   sequence	   of	   user	   actions	   to	   successfully	   perform	   a	   task	  
(preparatory	   phase).	   During	   the	   execution	   of	   the	  method	   (analysis	   phase),	   the	   researcher	  
simulated	  the	  execution	  of	  the	  sequence	  of	  user	  actions	  and	  assessed	  the	  ease	  of	  learning	  of	  
the	  design	  using	  the	  questions	  as	  summarised	  and	  exemplified	   in	  Table	  5-­‐4.	  The	  full	   set	  of	  
questions	   prescribed	   by	   the	   technique	   was	   sequentially	   applied	   to	   each	   step	   of	   the	  
interaction	   flow.	   	   Once	   we	   completed	   the	   analysis	   of	   the	   interaction,	   we	   were	   able	   to	  
analyse	  the	  results	  and	  compile	  the	  list	  of	  issues	  to	  compare	  against	  the	  findings	  of	  the	  other	  
techniques.	  An	  extract	  of	  the	  interaction	  flow	  can	  be	  seen	  in	  Figure	  5-­‐3.	  
In	   this	   extract	   (Figure	   5-­‐3)	   the	   user	   is	   asked	   to	   enter	   a	   house	   number	   as	   part	   of	   the	  
destination	   input,	  although	  such	   information	   is	  not	  provided	   in	   the	  use	  scenario.	  Although	  
this	   information	   is	  not	  required	  by	  the	  system,	  there	   is	  no	  clear	  way	  to	  skip	   this	  step.	  This	  
can	  result	  in	  frustration	  for	  the	  user,	  as	  it	  is	  not	  clear	  what	  needs	  to	  be	  done	  to	  advance	  in	  
Table	  5-­‐5.	  Cognitive	  Walkthrough	  extract	  of	  our	  analysis	  of	  task	  1	  (Part	  II)	  
Question	  i:	   Are	  experience	  or	  training	  needed?	  No.	  Training	  is	  not	  required	  to	  complete	  this	  step.	  Nevertheless,	  prior	  experience	  or	  training	  with	  the	   device	  might	   help	   the	   user	   overcome	   the	   problem	  more	   easily,	   as	   he	  will	   be	   aware	   of	   the	  mechanics	  of	  the	  interface.	  
Question	  ii:	   Is	  the	  step	  correct	  in	  terms	  of	  function?	  There	  is	  no	  clear	  way	  for	  the	  user	  to	  skip	  this	  step	  if	  desired.	  
Question	  iii:	   Are	  particular	  errors	  likely?	  The	   user	  might	   enter	   a	   random	   number	   in	   order	   to	   complete	   this	   step.	   As	   a	   result,	   the	   input	  might	   be	   invalid	   creating	   an	   error,	   or	   get	   wrong	   guidance	   as	   the	  wrong	   destination	   has	   been	  typed	  in.	  
Question	  iv:	   Design	  suggestions	  The	  current	  design	  of	  the	  interface	  does	  not	  make	  it	  apparent	  to	  the	  user	  on	  a	  probable	  course	  of	  action	   if	   the	   house	   number	   is	   not	   readily	   available.	   A	   redesign	   should	   address	   this	   issue.	  Furthermore	   some	   feedback	   should	   be	   provided	   to	   the	   user	   following	   the	   input	   in	   order	   to	  demonstrate	  the	  input	  made.	  
Question	  v:	   Other	  comments	  Surely	  it	  would	  have	  been	  helpful	  to	  know	  if	  you	  don’t	  have	  data	  just	  click	  done.	  Some	  sort	  of	  help	  module	  would	  have	  been	   extremely	  helpful,	   as	   the	  user	   can	  only	   resort	   to	   trial	   and	   error	   or	   a	  manual	  to	  continue	  the	  task.	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the	  system.	  The	  second	  part	  of	  the	  CW	  analysis	  is	  presented	  Table	  5-­‐5.	  Having	  done	  the	  core	  
CW	  the	  extensions	  provided	  by	  Novick	  &	  Chater	  (1999)	  were	  also	  applied	  to	  the	  same	  set	  of	  
tasks.	  
Discussion	  
In	  this	  study	  CW	  reported	  a	  series	  of	  issues	  relating	  to	  feedback,	  consistency	  of	  design,	  labels,	  
task	  structure,	  and	  user	   interface	  navigation	  (see	  Appendix	   I	   for	  more	  details).	  These	  types	  
of	  issues	  were	  expected	  from	  CW	  as	  in	  this	  phase	  we	  were	  assessing	  a	  static	  scenario.	  	  
As	  shown	  in	  the	  example,	  the	  questions	  encourage	  the	  researcher	  to	  engage	  in	  the	  interface	  
from	   a	   different	   perspective	   to	   the	   original	   CW	   (Wharton	   et	   al.,	   1994).	   Researchers	   are	  
provided	   with	   guidance	   with	   regard	   to	   predicting	   erroneous	   situations.	   They	   are	   also	  
encouraged	   to	   provide	   feedback	   and	   design	   suggestions	   providing	   ample	   space	   for	  
expressing	  their	   ideas	  on	  the	   interfaces.	  Safety	   is	   all	   about	   the	   dynamic	   environment	   in	  this	   example.	   The	   variation	  of	  CW	  used	   for	   the	  evaluation	  of	   the	   system,	  encourages	   the	  
researcher	  to	   incorporate	  safety	   in	   the	  thinking	  process	  and	  consider	   the	  device	  as	  part	  of	  
the	  car	  ecosystem	  in	  a	  dynamic	  environment.	  
Although,	  this	  version	  of	  CW	  encouraged	  us	  to	  think	  more	  explicitly	  about	  errors,	  it	  also	  lacks	  
the	  support	  for	  following	  error	  paths	  and	  predicting	  how	  the	  user	  would	  recover	  from	  such	  
situations.	  The	  technique	  also	  provides	  space	  for	  the	  researchers	  to	  record	  design	  comments	  
and	   suggestions.	   This	   gave	  us	   the	  opportunity	   to	   record	   issues	   that	  were	  not	   immediately	  
captured	  in	  the	  first	  part	  of	  the	  technique.	  Nevertheless,	  there	  seems	  to	  be	  a	  gap	  between	  
the	   two	   parts	   of	   the	   technique	   and	   a	   disengagement	   from	   its	   underlying	   model.	   The	  
integration	  of	  the	  two	  parts	  could	  potentially	  improve	  the	  usability	  of	  the	  technique	  and	  the	  
quality	  of	  the	  results.	  
5.3.2 User	  Action	  Notation	  (UAN)	  
Description	  of	  method	  
UAN	   (Hartson	   and	   Gray,	   1992,	   Hix	   and	   Hartson,	   1993)	   is	   a	   behaviour-­‐based	   notation	  
specifying	   user	   actions,	   computer	   feedback	   and	   interface	   internal	   state	   at	   the	   same	   time.	  
UAN	   is	   primarily	   a	   shorthand	  way	   to	   represent	   steps	   (such	   as	   “mouse	  down”)	   that	   a	   user	  
would	  take	  to	  perform	  a	  task	  on	  a	  given	  user	  interface,	  existing	  or	  under	  development.	  	  
Although	   UAN	   is	   not	   necessarily	   the	   most	   suitable	   technique	   for	   identifying	   usability	  
problems,	  the	  specification	  of	  the	  interface	  enforces	  the	  researcher	  to	  deconstruct	  the	  user	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interface	   and	   identify	   issues	   hidden	   in	   its	   design.	   The	   process	   of	   specifying	   the	   interface	  
might	  reveal	  design	  flaws	  in	  the	  design,	  which	  could	  induce	  errors	  in	  the	  use	  of	  the	  system.	  
As	  was	  argued	  by	   John	  &	  Marks	   (1997)	   creating	   the	   task	  description	   itself	   can	   lead	   to	   the	  
identification	  of	  usability	  issues.	  	  
The	  executable	  XUAN	  (Gray	  et	  al.,	  1994)	  or	  PUAN	  (Du	  and	  England,	  2001)	  also	  offer	  another	  
dimension	  in	  the	  use	  of	  notations.	  As	  we	  also	  discussed	  earlier	  in	  Chapter	  2,	  tools	  which	  are	  
based	   on	   these	   notations	   could	   eventually	   check	   automatically	   for	   the	   consistency	   and	  
completeness	  of	  a	  design,	  and	  identify	  design	  flaws	  which	  might	  lead	  to	  human	  errors,	  based	  
on	  heuristics	  or	  other	  rules.	  	  
UAN	   is	   semi-­‐formal	   in	   that	   it	   makes	   use	   of	   a	   shorthand	   representation,	   for	   example	  Mv	  
represents	  a	  “mouse	  down”	  action,	  while	  M^	   represents	  a	  “mouse	  up”	  action.	  The	  goal	  of	  
UAN	   is	   to	   represent	   simple	   and	   complex	   user	   tasks	   in	   a	   notation	   that	   is	   easy	   to	   read	   and	  
write,	  but	  one	  that	  is	  more	  formal,	  clear,	  precise,	  and	  unambiguous	  than	  English	  prose.	  As	  it	  
is	   not	   overly	   formal	   it	   is	   assumed	   that	   designers	   can	   learn	   the	   notation	   without	   major	  
problems.	  
Application	  of	  method	  
The	  application	  of	  this	  technique	  followed	  the	  task	  analysis	  that	  had	  previously	  taken	  place	  
for	  CW	  (see	  Section	  5.2).	  Each	  screen	  that	  was	  identified	  as	  part	  of	  the	  interaction	  flow	  (e.g.,	  
Figure	  5-­‐3),	  that	  the	  user	  would	  have	  to	  go	  through	  in	  order	  to	  complete	  the	  given	  tasks,	  was	  
sequentially	  specified	  in	  UAN.	  An	  example	  of	  it	  is	  illustrated	  in	  Table	  5-­‐6.	  
Table	  5-­‐6.	  Extract	  from	  UAN	  specification	  of	  the	  user	  interface	  for	  house	  number	  entry	  from	  task	  1	  	  
TASK:	  Enter	  street	  number	  
USER	  ACTIONS	   INTERFACE	  FEEDBACK	  	   INTERFACE	  STATE	   CONNECTION	  TO	  
COMPUTATION	  
&~	  [number’]*	  	  Mv	   number’!	   key	  selected	  =	  
number’	  
put	  number’in	  field	  
M^	   number’-­‐!	   key	  selected	  =	  null	   	  
~	  [Done]	  	  	  Mv	   Done!	   	   	  
M^	   Done-­‐!	   	   If	  field	  isNull	  then	  number	  
=	  default	  else	  selected	  
number	  =	  field	  number;	  
go	  to	  map	  screen	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In	  the	  extract	  shown	  in	  Table	  5-­‐6,	  we	  describe	  the	  interaction	  with	  the	  user	  interface	  in	  the	  
house	   entry	   dialogue.	   During	   the	   interaction	   the	   user	   selects	   the	   appropriate	   number	   (~	  
[number’]*)	   using	   the	   virtual	   numerical	   keyboard,	   while	   the	   ‘done’	   button	   is	   used	   to	  
complete	  the	  task.	  From	  the	  specification	  we	  can	  easily	  distinguish	  the	  feedback	  (number’!)	  
provided	  at	  each	  step	  of	  the	  interaction,	  as	  the	  system	  updates	  (key	  selected	  =	  number’)	  its	  
variables	  and	  displays	  (put	  number’	  in	  field)	  the	  relevant	  information.	  
Through	  the	  description	  of	  all	  steps	  of	  the	  interaction,	  we	  were	  able	  to	  complete	  a	  thorough	  
inspection	  of	   the	   interface	  and	   the	   interaction	   that	  enabled	  us	   to	   collate	  a	   list	  of	  usability	  
issues.	  
Discussion	  
In	   the	   UAN	   analysis	   we	   identified	   mainly	   issues	   related	   to	   feedback	   and	   labelling	   of	   the	  
interface.	  For	  example	  during	  the	  evaluation	  UAN	  identified	  a	  feedback	  issue	  when	  a	  new	  list	  
is	  being	  populated	  with	  data	  (see	  Appendix	  II	  [UI15.a]).	  There	  was	  no	  indication	  to	  the	  user	  
what	   was	   happening;	   the	   user	   could	   assume	   that	   the	   device	   was	   not	   functioning	   and	  
attempt	  corrective	  action.	  As	  a	  result	  the	  user	  may	  not	  complete	  the	  task.	  
The	  application	  of	  this	  technique	  encouraged	  the	  researcher	  to	  take	  a	  much	  deeper	  look	  at	  
the	  interface,	  due	  to	  the	  detail	  required	  in	  the	  specification	  process.	  As	  a	  result,	  the	  use	  of	  
the	  technique	  helped	  with	  the	  identification	  of	  a	  wide	  range	  of	  usability	  issues	  (see	  Appendix	  
I).	   The	   issues	   identified	   are	   a	   result	   of	   the	   specification	   process.	   Through	   the	   detailed	  
specification	   of	   the	   interaction,	   the	   researcher	   was	   able	   to	   identify	   potential	   usability	  
problems.	  Only	  issues	  that	  were	  identified	  as	  part	  of	  this	  process	  were	  associated	  with	  UAN.	  
Due	   to	   the	  nature	  of	   the	   tasks	  and	   the	   limitations	  of	   the	   specification,	   some	  of	   the	   issues	  
were	  not	  discovered	  by	  the	  method,	  as	  we	  discuss	  in	  Section	  7.7.	  
One	  of	  our	  main	  concerns	  during	  the	  application	  of	  this	  technique	  was	  the	  repetition	  of	  the	  
descriptions	   between	   the	   various	   screens.	   Lots	   of	   the	   components	   of	   the	   interface	   are	  
repeated	   throughout	   the	   interactive	   system	   and	   have	   to	   be	   repeatedly	   specified	   by	   the	  
researcher.	   Introducing	   some	   aspects	   of	   modularity	   in	   the	   specification	   scheme	   would	  
increase	  its	  usability	  and	  consistency.	  
Finally,	  as	  with	  most	  notations,	  UAN	  requires	  researchers	  to	  learn	  and	  remember	  the	  various	  
symbols	  used.	   That	   is	   an	  extra	  burden	   for	   the	   researcher	  during	   the	   specification	  process.	  
The	  use	  of	  a	  tool	  that	  could	  provide	  the	  user	  with	  guidance	  and	  pre-­‐specified	  examples	  for	  
common	  components	  of	  the	  interface	  would	  expedite	  the	  evaluation	  process.	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5.3.3 Evaluating	  Multimodal	  Usability	  (EMU)	  
Description	  of	  method	  
EMU	  (Evaluation	  Multi-­‐modal	  Usability)	  (Hyde,	  2002)	  is	  a	  methodology	  developed	  to	  address	  
specifically	   the	   evaluation	   of	   usability	   of	   multi-­‐modal	   systems.	   The	   scope	   of	   the	  
methodology	  extends	  to	  issues	  related	  to	  user	  knowledge	  and	  use	  in	  context,	  with	  a	  special	  
focus	   on	   the	   issues	   concerned	   with	   the	   physical	   relationship	   between	   the	   user	   and	   the	  
device.	  Multimodal	   interfaces	  can	  enhance	  the	  user’s	  understanding,	  as	  they	  provide	  more	  
communication	  channels	  between	  the	  user	  and	  the	  system.	  	  
EMU	  methodology	   presents	   a	   novel	   approach	   to	   the	   evaluation	  of	  multimodal	   systems.	   It	  
presents	  a	  comprehensive	  taxonomy,	  underpinned	  by	  a	  new	  theory	  on	  multimodality,	  tightly	  
coupled	   with	   a	   notational	   representation	   and	   a	   structured	   step-­‐by-­‐step	   approach	   for	   its	  
application.	  	  
Application	  of	  method	  
Table	  5-­‐7.	  EMU	  stages	  
Stage	  1.	  Define	  the	  task	  that	  is	  to	  be	  analysed	  
Stage	  2.	  Modality	  lists	  
Stage	  3.	  Define	  the	  user,	  system	  and	  environment	  variables	  
Stage	  4.	  Profiles	  compared	  to	  modality	  listings	  
Stage	  5.	  Interaction	  modality	  listing	  
Stage	  6.	  Add	  in	  clashes,	  etc.	  
Stage	  7.	  Assess	  the	  use	  of	  modalities	  
Stage	  8.	  Final	  report.	  
	  
	  
The	  modalities	  within	  the	  methodology	  are	  therefore	  categorised	   in	  a	   taxonomy	  according	  
to	   the	   dimensions	   identified	   in	   this	   definition:	   sensory	   channel	   (visual,	   audio	   &	   haptic),	  
information	   form	   (lexical,	   symbolic	  &	   concrete)	   and	   temporal	   type	   (discrete,	   continuous	  &	  
dynamic).	   Each	   modality	   is	   named	   after	   the	   intersection	   of	   these	   three	   dimensions.	  	  
Furthermore,	   they	   can	   be	   user/system-­‐expressive	   or	   user/system-­‐receptive	   when	   they	   are	  
expressed	  or	  received	  by	  the	  user	  or	  system	  respectively.	  For	  example,	  when	  the	  user	  enters	  
information	  by	  touching	  buttons	  through	  a	  touch	  screen	  we	  represent	  it	  as	  [UE	  hap-­‐sym-­‐dis],	  
Chapter	  5	  
	  	   61	  |	  P a g e 	  
i.e.,	  the	  user	  is	  sending	  discrete	  symbolic	  information	  via	  a	  haptic	  process,	  which	  the	  system	  
is	  receiving.	  At	  the	  same	  time	  the	  modality	  is	  also	  received	  by	  the	  system	  as	  [SR	  hap-­‐sym-­‐dis],	  
i.e.,	   the	   system	   is	   receiving	   symbolic	   information	   via	   a	   haptic	   process,	   which	   the	   user	   is	  
sending.	  
In	   this	   evaluation,	   we	   applied	   the	   methodology	   as	   described	   in	   the	   EMU	   tutorial	   (Hyde,	  
2002).	  The	  methodology	  is	  executed	  in	  several	  stages	  as	  in	  ,	  in	  order	  to	  identify	  the	  various	  
modalities	  of	  the	  interaction	  (see	  )	  and	  any	  usability	  issues	  resulting	  from	  these	  modalities.	  
In	  the	  first	  stages	  we	  defined	  the	  task	  to	  be	  analysed	  and	  listed	  all	  possible	  modalities	  of	  the	  
interaction.	  	  
Next,	  we	  produced	  profiles	  for	  the	  user,	  system	  and	  the	  environment,	  which	  were	  compared	  
against	   the	   list	   of	   modalities	   for	   discrepancies.	   The	   next	   stage	   of	   EMU	   followed	   the	  
application	   of	   the	   notational	   representation,	  where	   the	   properties	   of	   the	  modalities	  were	  
also	   selected.	   The	   final	   stages	   of	   the	   methodology	   involved	   the	   evaluation	   of	   modalities	  
against	  potential	  clashes	  and	  level	  of	  use,	  followed	  by	  the	  write-­‐up	  of	  the	  final	  report	  where	  
we	  described	  the	  potential	  usability	  problems	   for	   the	  particular	  system,	  resulting	   from	  the	  
application	   of	   the	  methodology.	   In	   the	   last	   stage,	  we	  were	   able	   to	   identify	   the	   particular	  
findings	  identified	  by	  this	  technique.	  Segments	  of	  the	  analysis	  are	  given	  in	  Appendix	  I.	  
	  describes	   an	   extract	   of	   the	   EMU	   analysis	   for	   the	   house	   entry	   dialogue	   of	   the	   system	   as	  
shown	  previously.	  To	  summarise,	  this	  extract	  states	  the	  following:	  
1. The	  user	  enters	  the	  information	  ([UE	  hap-­‐sym-­‐dis])	  into	  the	  system	  using	  the	  touch	  
screen	  display.	  
2. 	  The	  system	  receives	  the	  information	  ([SR	  hap-­‐sym-­‐dis]).	  
3. 	  Appropriate	  visual	  feedback	  ([SE	  vis-­‐sym-­‐dis])	  is	  received	  by	  the	  user	  ([UR	  vis-­‐sym-­‐
dis])	  for	  each	  button	  pressed.	  	  
4. At	  the	  same	  time	  the	  user	  can	  read	  the	  information	  ([UR	  vis-­‐lex-­‐cont])	  provided	  to	  
the	  system,	  as	  it	  is	  shown	  in	  the	  relevant	  display	  ([SE	  vis-­‐lex-­‐cont]).	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Table	  5-­‐8	  Extract	  from	  EMU	  analysis	  
Display	  	  
[UE	  hap-­‐sym-­‐dis]	  
*user	  types	  the	  house	  number	  *	  
[SR	  hap-­‐sym-­‐dis]	  
*system	  records	  house	  number	  *	  
[SE	  vis-­‐sym-­‐dis]	  
*system	  flashes	  pressed	  buttons*	  
[UR	  vis-­‐sym-­‐dis]	  
*user	  sees	  pressed	  button*	  
and	  
[SE	  vis-­‐lex-­‐cont]	  
*number	  appears	  on	  house	  number	  field*	  
[UR	  vis-­‐lex-­‐cont]	  
*user	  reads	  house	  number	  field*	  
precon:	  UE	  [hap-­‐sym-­‐dis]	  
*user	  types	  numbers*	  
	  
	  key	  
SE:	  System	  Expressive	  (expressed	  by	  the	  system)	  
SR:	  System	  Receptive	  (received	  by	  the	  system)	  
UE:	  User	  Expressive	  (expressed	  by	  the	  user)	  
UR:	  User	  Receptive	  (received	  by	  the	  user)	  
hap:	  haptic	  
	  vis:	  visual	  	  
lex:	  lexical	  
sym:	  symbolic	  
	  dis:	  discrete	  
	  cont:	  continuous	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Discussion	  
Due	  to	  the	  nature	  of	  the	  tasks	  under	  evaluation,	  there	  were	  only	  a	  very	   limited	  number	  of	  
modality	   clashes	   identified	   as	   part	   of	   the	   EMU	   analysis	   for	   the	   first	   phase	   of	   the	   study.	  
Nevertheless,	  the	  analysis	  gave	  the	  researcher	  the	  opportunity	  to	  examine	  the	  system	  from	  
a	  different	  perspective.	  This	  resulted	  in	  an	  extensive	  set	  of	  usability	  problems,	  with	  a	  wider	  
scope	   not	   solely	   related	   to	   multimodal	   issues,	   but	   also	   labelling	   (e.g.,	   [UI21.a]),	   interface	  
design	  (e.g.,	  [UI25.a]),	  and	  interface	  navigation	  issues	  (e.g.,	  [UI23.a]).	  All	  usability	  issues	  can	  
be	  found	  in	  Appendix	  I,	  pp.147.	  
An	   issue	   that	   needs	   to	   be	   resolved	  within	   this	  methodology	   is	   the	   repetition	   of	   the	   listed	  
modalities.	   Some	   screens	  appear	   to	   share	   similar	  modalities.	   It	  would	   greatly	   increase	   the	  
clarity	  and	  readability	  of	  the	  resulting	  modalities’	  list	  if	  there	  was	  a	  way	  to	  reuse	  parts	  of	  the	  
already	  specified	   interface	  as	  reusable	  and	  parameterised	  templates.	  An	   important	  benefit	  
of	   this	   approach	   is	   the	   ease	   of	   global	   updates	   to	   the	  modalities	   propagating	   through	   the	  
template-­‐based	  modalities.	  
An	   important	   aspect	   of	   EMU	   is	   the	   structured	   but	   simple	   step-­‐by-­‐step	   approach.	   It	   can	  
minimise	  the	  training	  required	  by	  the	  researcher	  before	  using	  the	  new	  methodology,	  while	  
the	   ease	   of	   using	   an	   accompanying	   notational	   representation	   makes	   more	   efficient	   and	  
effective	   the	   application	   of	   the	   methodology.	   The	   use	   of	   templates	   would	   benefit	   the	  
consistency	   of	   the	   notational	   representation,	   as	   it	   will	   help	   the	   researcher	   maintain	   a	  
consistent	   writing	   style	   for	   describing	   the	   modalities.	   As	   the	   researcher	   gets	   more	  
experience	   with	   the	   notational	   representation,	   it	   will	   have	   a	   positive	   effect	   on	   the	  
correctness	  of	  the	  representation,	  which	  could	  then	  be	  easily	  propagated	  through	  the	  use	  of	  
the	   templates.	  Moreover,	   it	   will	   be	   easier	   for	   the	   researcher	   or	   a	   team	   of	   researchers	   to	  
specify	  a	  larger	  system,	  while	  at	  the	  same	  time	  enforcing	  consistency	  within	  the	  notational	  
representation.	  
One	   of	   the	   challenges	   of	   this	  method	   is	   to	   choose	   the	   appropriate	   level	   of	   granularity	   to	  
describe	  the	   interface.	  This	   level	  can	  be	  mostly	  determined	   in	  the	  process	  of	  analysing	  the	  
system,	   as	   the	   researcher	   realises	   the	   scope	   of	   both	   the	   system	   and	   the	   methodology.	  
Determining	  the	  granularity	  is	  a	  task	  that	  requires	  the	  experience	  of	  the	  expert	  researchers	  
and	  involves	  experimentation	  with	  the	  methodology.	  
Finally,	   the	   identification	  of	  clashes	  relies	  heavily	  on	  the	  experience	  of	   the	  researcher.	   It	   is	  
highly	   probable	   that	   inexperienced	   researchers	   will	   not	   be	   able	   to	   identify	   all	   possible	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clashes.	  The	  use	  of	  an	  extensive	  checklist	  detailing	  various	  clashes	  could	  lead	  the	  researcher	  
into	   recognising	   potential	   clashes,	   while	   at	   the	   same	   time	   gaining	   experience	   in	   the	  
application	  of	  the	  methodology.	  
	  
5.3.4 Design	  Guidelines	  (DG)	  
Description	  of	  method	  
The	   use	   of	   design	   guidelines	   (DG)	   or	   design	   criteria	   has	   been	   a	   common	   practice	   for	   the	  
evaluation	  of	  user	  interfaces.	  The	  conformance	  of	  the	  interface	  design	  to	  an	  appropriate	  set	  
of	  guidelines	  can	   improve	  the	  usability	  of	  an	  application.	   In	  the	  HCI	   literature	  one	  can	  find	  
different	   sets	   of	   guidelines	   to	   suit	   different	   domains	   and	   applications	   (Newman	   and	  
Lamming,	  1995).	  Guidelines	  can	  be	  used	   for	  helping	  designers	   resolve	  design	  problems,	  or	  
for	  the	  evaluation	  of	  an	  interface.	  	  
The	   design	   guidelines	   of	   Nielsen	   &	   Molich	   (1990)	   have	   been	   widely	   used	   in	   the	   HCI	  
community	  to	  improve	  the	  usability	  of	  interactive	  systems.	  Heuristic	  Evaluation	  (Nielsen	  and	  
Molich,	   1990)	   is	   suitable	   for	   a	   quick	   and	   relatively	   easy	   evaluation.	   The	   researcher	   carries	  
out	   a	   systematic	   inspection	  of	   the	   interface	   to	   identify	   usability	   problems	   against	   a	   set	   of	  
guidelines,	  also	  known	  as	  heuristics	  (Leveson,	  1995).	  	  
In	   the	   field	   of	   safety-­‐critical	   systems,	   the	   researcher	   seeks	   to	   identify	   high-­‐risk	   tasks	   and	  
potentially	   safety-­‐critical	   user	   errors	   through	   system	   hazard	   analysis.	   Various	   sets	   of	  
guidelines	   for	   detecting	   design	   flaws,	   which	   might	   cause	   errors	   leading	   to	   safety-­‐critical	  
situations,	  can	  be	  found	  in	  the	  literature	  (e.g.,	  Jaffe	  et	  al.,	  1991,	  Leveson,	  1995).	  
Application	  of	  method	  
In	   this	   study,	  we	  used	   the	  Human-­‐Machine	   Interface	   (HMI)	  Guidelines	   (Leveson,	   1995).	   	  A	  
subset	  of	  the	  guidelines	  is	  shown	  for	  illustration	  in	  .	  The	  full	  set	  of	  guidelines	  can	  be	  found	  in	  
Appendix	  VI.	  These	  guidelines	  are	  based	  partly	  on	  an	  underlying	  mathematical	  model,	  but	  to	  
a	   greater	   extent	   on	   the	   experience	   of	   the	   authors	   in	   the	   design	   and	   evaluation	   of	   safety-­‐
critical	  systems	  used	  in	  cockpits.	  As	  a	  result	  they	  are	  greatly	  influenced	  by	  issues	  pertinent	  to	  
that	  particular	  domain.	  
Although	   these	   guidelines	   were	   not	   intended	   for	   the	   usability	   evaluation	   of	   interactive	  
systems	  per	  se,	  we	  applied	  them	  in	  a	  similar	  way	  to	  how	  a	  researcher	  would	  apply	  guidelines	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in	  Heuristic	  Evaluation	  (Nielsen,	  1994).	  Every	  screen	  of	  the	  system	  in	  the	  task	  sequence	  was	  
assessed	   against	   a	   subset	   of	   the	  Design	  Guidelines.	   During	   the	   evaluation	  we	   only	   used	   a	  
restricted	  subset	  of	  them,	  as	  some	  were	  either	  domain-­‐specific	  or	  irrelevant	  to	  our	  system.	  
Thus	  before,	  performing	  an	  evaluation	  we	  reviewed	  the	  full	  set	  of	  guidelines	  selecting	  those	  
that	  are	  generally	  relevant.	  The	  reduced	  set	  described	  here	  was	  the	  subset	  used	  throughout,	  
both	  in	  the	  static	  and	  the	  dynamic	  studies	  described	  in	  Chapter	  6.	  This	  left	  60	  guidelines	  in	  
total.	  	  gives	  a	  sample	  of	  5	  guidelines	  from	  this	  subset	  to	  give	  a	  flavour	  of	  the	  guidelines	  used.	  	  
Table	  5-­‐9.	  Extract	  from	  Design	  Guidelines	  used	  for	  the	  evaluation	  
	   Design	  Guidelines	  (extract)	  
DG	  6	   Design	   for	   error	   tolerance:	   (a)	   make	   errors	   observable,	   (b)	   provide	   time	   to	   reverse	  
them,	  and	  (c)	  provide	  compensating	  actions	  
DG12	   Design	  to	  stereotypes	  and	  cultural	  norms	  
DG17	   Do	   not	   overload	   the	   operator	   with	   too	   much	   information.	   Provide	   ways	   for	   the	  
operator	   to	   get	   additional	   information	   that	   the	   designer	   did	   not	   foresee	   would	   be	  
needed	  in	  a	  particular	  situation.	  
DG20	   Provide	  feedback	  and	  interaction	  with	  the	  system	  
DG54	  	  	   	  Make	  labels	  brief,	  bold,	  simple,	  and	  clear.	  
	  
We	  used	  the	  task	  analysis	  that	  was	  also	  used	  by	  the	  other	  techniques.	  As	  we	  discussed	  with	  
the	  previous	  techniques,	  the	  task	  analysis	  identified	  the	  series	  of	  steps	  (and	  screens)	  that	  the	  
user	  had	  to	  traverse	  to	  complete	  the	  given	  task.	  During	  the	  evaluation,	  each	  guideline	  from	  
the	  given	  set	  was	  checked	  for	  conformance	  against	  each	  screen	  identified.	  A	  list	  of	  violations	  
for	  each	  part	  of	  the	  interface	  was	  then	  composed.	  
Applying	  this	  technique	  in	  the	  house	  entry	  dialogue,	  as	  shown	  before	  with	  other	  techniques,	  
we	  identified	  several	   issues	  that	  violated	  the	  design	  guidelines.	   	  provides	  extracts	  from	  the	  
analysis	   detailing	   some	   of	   the	   problems	   and	   the	   associated	   guidelines	   that	   have	   been	  
violated.	   You	   can	   see	   in	   the	   table	   three	  usability	   issues	   and	   the	   respective	   guidelines	   that	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Table	  5-­‐10.	  Extract	  from	  the	  Design	  Guidelines	  analysis	  of	  the	  
(DG	  6)	   If	   the	  users	  change	  their	  mind	  or	   realise	   they	  needed	  a	  different	  postcode,	   it	   is	   impossible	   to	  
return	  to	  the	  previous	  page	  to	  rectify	  their	  action.	  The	  user	  will	  have	  to	  cancel	  the	  interaction	  and	  start	  
again	  from	  Step	  1.	  
(DG	  20)	  It	  is	  not	  possible	  on	  this	  page	  to	  confirm	  that	  the	  right	  selection	  has	  been	  made	  in	  the	  previous	  
page.	  An	   instant	  flashing	  message	   is	  displayed	  to	  the	  user	  when	  the	  page	   loads,	  but	   it	  can	  be	  easily	  
missed.	  
(DG	  54)	  There	  is	  no	  label	  associated	  with	  the	  arrow	  button.	  
Discussion	  
DGs	  were	  drafted	   to	  be	  used	   for	   the	  design	  of	   safety-­‐critical	   systems,	   so	  are	  only	  partially	  
appropriate	   to	  other	  application	  areas.	  Despite	   this,	   in	   this	   study,	  we	   identified	  a	   range	  of	  
usability	   problems	   in	   the	   process	   of	   analysis	   –	   labelling,	   navigation,	   feedback,	   as	   well	   as	  
issues	  relating	  to	  error	  recovery	  which	  are	  specifically	  targeted	  by	  the	  method.	  
Interpretation	  of	  guidelines	  is	  always	  a	  difficult	  issue	  when	  evaluating	  or	  designing	  a	  system;	  
the	  lack	  of	  examples	  leaves	  the	  researcher	  making	  assumptions	  about	  the	  intention	  of	  each	  
guideline.	  When	  checking	  against	  a	  set	  of	  guidelines,	  the	  researcher	   is	  expected	  to	   identify	  
solely	   violations	  of	   the	  particular	   set	  and	  not	  make	  general	   remarks	  about	   the	  usability	  of	  
the	   system.	   This	   can	   limit	   the	   coverage	   of	   the	   problems	   identified,	   as	   the	   researcher	  will	  
tend	   to	   disregard	   non-­‐relevant	   issues.	   Alternatively,	   the	   researcher	   might	   try	   to	   make	   a	  
more	  ‘loose’	  interpretation	  of	  a	  guideline	  in	  order	  to	  categorise	  the	  findings.	  	  
Finally,	  the	  researcher	  is	  engaged	  in	  an	  iterative	  cycle	  where	  each	  screen	  is	  evaluated	  against	  
the	  set	  of	  guidelines.	  This	  task	  can	  become	  quite	  tedious	  especially	  when	  they	  are	  evaluating	  
against	  a	  long	  list	  of	  guidelines	  through	  multiple	  screens	  of	  an	  application.	  
Having	  concluded	  the	  analytical	  evaluation	  of	   the	  static	  parts	  of	   the	  system,	  we	  continued	  
with	  the	  user-­‐based	  study	  following	  the	  same	  tasks	  and	  scenario.	  
	  
5.4 Empirical	  Evaluation	  
5.4.1 Introduction	  
A	   laboratory-­‐based	   experiment	   was	   conducted	   on	   the	   navigation	   device	   as	   part	   of	   the	  
second	   phase	   of	   evaluation	   of	   the	   system.	   As	   previously	   discussed	   the	   scenario	   and	   tasks	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applied	   during	   the	   analytical	   evaluation	   were	   given	   to	   the	   users.	   We	   focus	   here	   on	  
describing	  the	  usability	  issues	  and	  errors	  that	  users	  encounter	  in	  the	  use	  of	  such	  devices.	  	  
5.4.2 Experimental	  design	  
Usage	  scenario	  &	  tasks	  
The	   empirical	   study	   was	   split	   into	   two	   parts.	   All	   users	   participated	   in	   both	   parts	   of	   the	  
experiment.	  The	  first	  part	  was	  a	  training	  session	  where	  users	  were	  required	  to	  follow	  a	  given	  
scenario	  and	  carry	  out	  a	   set	  of	   three	   tasks	   (see	  Table	  5-­‐11).	  This	   training	   task	  was	  directly	  
equivalent	  to	  that	  used	   in	  the	  analytical	  part	  of	   the	  study.	  During	  this	  part	  of	   the	  trial,	   the	  
users	  were	   allowed	   to	   ask	   questions	   of	   the	   experimenter.	   The	   goal	   of	   this	   session	  was	   to	  
allow	   the	   participants	   to	   familiarise	   themselves	   with	   the	   device	   before	   continuing	   to	   the	  
main	  trial	  session.	  Participants	  were	  provided	  with	  a	  sheet	  containing	  the	  scenario	  and	  tasks	  
and	  a	  printout	  containing	  a	  set	  of	  screens	  from	  the	  device	  (see	  Appendix	  VIII).	  	  
Task	  1:	  	  Program	  the	  device	  to	  reach	  the	  Berkeley	  Hotel,	  Brighton.	  






Task	  3:	  Check	  your	  route	  to	  see	  if	  you	  are	  using	  A22.	   	   If	  you	  are,	  program	  the	  
device	  to	  avoid	  this	  part	  of	  the	  route.	  
	  
During	  the	  second	  part,	  users	  followed	  a	  different	  set	  of	  (similar)	  tasks	  in	  a	  new	  scenario.	  At	  
this	  stage	  the	  experimenter	  did	  not	  interfere	  with	  the	  tasks.	  We	  used	  the	  same	  task	  list	  that	  
was	  also	  used	  with	  the	  analytical	  techniques	  of	  the	  study	  (see	  Table	  5-­‐1).	  	  
In	  both	   sessions	  of	   the	  experiment	  we	  used	  TomTom	  Navigator	   5	   software	   running	  on	  an	  
iPAQ	  handheld	  computer	  connected	  to	  a	  TomTom	  GPS	  device	  via	  Bluetooth,	  which	  was	  the	  
focus	  of	   the	  analytical	  studies	  and	  described	   in	  previous	  sections.	  Although	  the	  device	  was	  
operated	   in	   a	   usability	   laboratory,	   it	   had	   a	   steady	   GPS	   signal	   that	   allowed	   the	   system	   to	  
operate	  giving	  the	  users	  the	  opportunity	  to	  complete	  their	  tasks.	  
Table	  5-­‐11.	  Tasks	  used	  for	  training	  session	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Ethics	  
In	   order	   to	   carry	   out	   this	   study	   we	   met	   the	   criteria	   as	   set	   in	   the	   Ethics	   Checklist	   for	  
experiments	  by	  the	  Department	  of	  Computer	  Science,	  Queen	  Mary	  University	  of	  London	  as	  
appropriate	   at	   the	   time.	   The	   study	   participants	   were	   informed	   about	   the	   purpose	   of	   the	  
study	  and	  signed	  a	  consent	  form	  for	  the	  use	  of	  the	  data	  (See	  Appendix	  VIII).	  	  
Participants	  
Eight	  users	  participated	  in	  the	  experiment,	  including	  both	  male	  and	  female	  members	  of	  the	  
academic	   community.	   They	   were	   recruited	   through	   email	   circulars	   in	   the	   mailing	   lists	   of	  
QMUL.	  In	  Table	  5-­‐12	  we	  give	  a	  breakdown	  of	  the	  user	  group	  and	  some	  general	  demographic	  
data.	  
	  	   Age	   Sex	   Education	   Car	  Navigation	  
	  Experience	  
User	  1	   20-­‐30	   Male	   Postgraduate	   Low	  
User	  2	   20-­‐30	   Male	   Postgraduate	   Medium	  
User	  3	   30-­‐40	   Female	   Postgraduate	   Low	  
User	  4	   30-­‐40	   Male	   Postgraduate	   High	  
User	  5	   30-­‐40	   Male	   Postgraduate	   Med	  
User	  6	   20-­‐30	   Male	   Postgraduate	   Low	  
User	  7	   20-­‐30	   Male	   Postgraduate	   High	  
User	  8	   20-­‐30	   Female	   Postgraduate	   Low	  
	  
Data	  capture	  
During	   the	   experimental	   trials	   we	   collected	   video	   and	   audio	   data	   from	   the	   interaction	  
between	  the	  user	  and	  the	  system	  using	  a	  video	  camera.	  We	  also	  captured	  a	  video	  stream	  of	  
the	  information	  shown	  on	  the	  screen	  of	  the	  iPAQ	  device	  using	  screen	  capture	  software.	  The	  
video	  data	  for	  each	  participant	  were	  synchronised	  and	  merged	  before	  we	  started	  a	  thorough	  
analysis	  of	  the	  interaction.	  An	  example	  of	  the	  synchronised	  video	  data	  can	  be	  seen	  in	  Figure	  
5-­‐4.	  
Table	  5-­‐12	  Participants'	  demographic	  data	  
Chapter	  5	  
	  	   69	  |	  P a g e 	  
	  
Figure	  5-­‐4	  Lab-­‐based	  experiment	  
5.4.3 Data	  analysis	  
Exploratory	   Sequential	   Data	   Analysis	   (ESDA)	   (Fisher	   and	   Sanderson,	   1996,	   Sanderson	   and	  
Fisher,	  1994)	  was	  used	  to	  analyse	  the	  video	  data	  recorded	  during	  the	  user	  trials.	  Firstly,	  we	  
started	  with	  the	  transcription	  of	  the	  sequence	  of	  actions	  that	  each	  user	  followed	  in	  order	  to	  
achieve	   the	   tasks	  as	   set	  out	   in	   the	  experimental	   trials.	  Each	   interaction	  step	  was	   recorded	  
and	  matched	  against	  the	  current	  state	  of	  the	  interaction	  device.	  
Having	  completed	  this	  process,	  we	  analysed	  the	  data,	  in	  order	  to	  understand	  the	  problems	  
that	   the	   users	   encountered	   during	   the	   interaction	   and	   how	   their	   sequences	   of	   actions	  
compared	   to	   the	   sequences	   of	   actions	   required	   to	   successfully	   complete	   the	   tasks.	   We	  
grouped	  together	  relevant	  sequence	  events	  and	  identified	  repeating	  patterns	  between	  users	  
in	   their	   interactions.	   	   Such	   patterns	   were	   analysed	   to	   identify	   problems	   that	   users	  
encountered	  in	  the	  interaction.	  	  
5.4.4 Discussion	  
The	  empirical	  evaluation	  was	  quite	  insightful	  and	  gave	  us	  the	  opportunity	  to	  identify	  various	  
usability	  issues	  that	  were	  not	  identified	  earlier	  by	  the	  analytical	  techniques.	  	  In	  particular	  the	  
kind	  of	  issues	  identified	  in	  the	  user	  testing	  session	  prompted	  us	  to	  investigate	  further	  into	  he	  
differences	  between	  the	  classes	  of	  approach,	  namely	  analytical	  and	  empirical.	  
Due	  to	   the	  nature	  of	   the	  system	  of	   the	  evaluation,	   the	  process	  allowed	  us	   to	  consider	   the	  
limitations	  of	  testing	  such	  systems	  in	  a	  laboratory	  environment.	  Although	  the	  effects	  of	  the	  
lab	  were	  minimal	  for	  the	  particular	  use	  cases	  of	  phase	  one,	  there	  were	  significant	  challenges	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5.5 Summary	  
This	  Chapter	  described	  phase	  one	  of	  the	  study	  —	  static.	  The	  Chapter	  covered	  the	  three	  main	  
components	  of	  this	  phase:	  methodology,	  analytical	  &	  empirical.	  The	  previous	  methodology	  
Chapter	   had	  only	  provided	   the	  general	   theme	  and	  how	   the	  other	   three	   components	  were	  
planned.	  In	  this	  Chapter	  for	  the	  analytical	  approach	  we	  took	  a	  more	  detailed	  look	  at	  each	  of	  
the	   analytical	   techniques	   and	   provided	   illustrative	   examples	   of	   how	   they	  were	   applied	   on	  
the	  navigation	  device.	  We	  also	  presented	  a	  detailed	  experimental	  plan	  that	  was	  followed	  in	  
the	   empirical	   part	   of	   this	   phase.	   A	   detailed	   analysis	   of	   the	   scope	   of	   the	   two	   kinds	   of	  
evaluation	  based	  on	  the	  results	  of	  this	  phase	  is	  presented	  in	  Chapter	  7.	  	  
In	   the	  next	  Chapter	  we	  continue	  with	   the	  second	  phase	  of	   the	  study	   -­‐	  dynamic,	  where	  we	  
concentrate	  on	  the	  aspects	  of	  the	  interface	  as	  experienced	  by	  the	  users	  in	  a	  dynamic	  context	  
of	  use.	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Chapter	  6. Evaluating	  usability	  in	  a	  dynamic	  environment	  
In	  this	  Chapter	  we	  present	  the	  second	  phase	  of	  the	  study	  –	  evaluating	  usability	  in	  a	  dynamic	  
environment	  with	  an	  ultimate	  aim	  of	  comparing	  empirical	  and	  analytical	   techniques	   in	  this	  
context.	  We	  describe	   the	   evaluation	   process	   as	   carried	   out	   for	   a	   dynamic	   environment.	   It	  
follows	   a	   similar	   structure	   to	   the	   first	   phase,	   where	   empirical	   and	   analytical	   approaches	  
were	  applied	  to	  selected	  parts	  of	  the	  system	  in	  a	  static	  environment.	  The	  tasks	  in	  this	  part	  of	  
the	  study	  are	  based	  on	  the	  navigation	  of	  a	  car	  using	  the	  guidance	  (turn-­‐by-­‐turn	  instructions)	  
provided	  by	  such	  a	  system	  as	  the	  user	  navigates	  through	  a	  dynamic	  environment.	  Although	  
the	  application	  domain	  chosen	   in	  this	  study	  remains	  the	  same,	  car	  navigation	  systems,	  the	  
different	   set	   of	   tasks	   selected	   explores	   a	   different	   angle	   on	   their	   usability.	   The	   analytical	  
evaluation	   of	   the	   system	   is	   based	   on	   a	   generated	   simulation	   of	   the	   interaction;	   in	   the	  
empirical	   evaluation	   the	   users	   were	   required	   to	   navigate	   their	   cars	   by	   following	   the	  
instructions	   provided	   by	   the	   navigation	   system.	   In	   these	   evaluations,	   we	   gauged	   the	  
effectiveness	   of	   the	   different	   techniques	   as	   posed	   by	   the	   location-­‐aware	   aspects	   of	   the	  
system.	   As	   in	   the	   previous	   evaluation	   of	   the	   system	   (static	   phase),	   we	   identified	   the	  
strengths	  and	  weaknesses	  of	  each	  method.	  Furthermore	  we	  focused	  on	  the	  challenges	  that	  
the	  researchers	   face	  when	  applying	  analytical	   techniques	  and	  running	  empirical	   studies	  on	  
location-­‐aware	   systems.	   We	   investigated	   how	   effective	   and	   efficient	   the	   analytical	  
techniques	  were	   at	   identifying	   issues	  which	  were	   pertinent	   to	   the	   context	   of	   use	   and	   the	  
diversity	  of	   results	   that	  were	   captured	  by	   the	  empirical	   approach.	   Finally	  we	  analysed	   the	  




In	  the	  second	  phase	  of	  the	  study	  we	  explore	  the	  impact	  of	  the	  dynamic	  environment	  and	  the	  
location-­‐awareness	  on	  UEMs.	  We	  expected	  the	  empirical	  study	  to	  give	  us	  important	  insight	  
with	   regard	   to	   issues	   because	   of	   the	   context	   of	   use.	   The	   design	   of	   an	   in-­‐car	   navigation	  
system	  is	  determined	  by	  the	  extent	  to	  which	  it	  presents	  information	  that	  matches	  what	  the	  
driver	  sees	  on	  the	  road	  at	  an	  appropriate	  pace	  (Ross	  and	  Burnett,	  2001).	  As	  a	   result	  some	  
usability	  problems	  might	  be	  overlooked	  during	   the	  application	  of	  expert	  based	  /	  analytical	  
evaluation	  methods.	   In	   this	   phase	   of	   the	   study	  we	   explored	   both	   analytical	   and	   empirical	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approaches,	  as	  done	  also	  in	  the	  previous	  phase,	  and	  present	  brief	  examples	  illustrating	  how	  
they	  were	  applied.	  
The	   evaluation	   process	   that	   we	   carried	   out	   is	   presented	   in	   this	   Chapter	   following	   the	  
structure	   overviewed	   in	   Figure	   6-­‐1,	   for	   analytical	   and	   empirical	   evaluation	   processes	  
respectively.	  Firstly,	  in	  Section	  6.2	  we	  present	  the	  scenario	  &	  tasks	  that	  were	  used	  for	  both	  
parts	   of	   the	   evaluation	   –	   analytical	   &	   empirical.	   We	   continue	   in	   Section	   6.3	   with	   the	  
analytical	   evaluation;	   a	   brief	   presentation	   of	   the	   methods	   is	   given	   followed	   by	   short	  
examples	  relating	  to	  how	  they	  were	  operationalised	  in	  the	  context	  of	  this	  study.	  During	  the	  
application	   of	   the	   analytical	   methods,	   we	   reflected	   on	   their	   shortcomings	   and	   strengths,	  
especially	  under	  the	  prism	  of	  the	  dimensions	  we	  identified	  in	  Section	  2.3.	  
	  
	  
Figure	  6-­‐1	  Evaluation	  process	  for	  dynamic	  phase	  of	  the	  study	  
They	  are	  briefly	  discussed	  following	  the	  application	  of	  each	  method	  to	  give	  a	  flavour	  of	  the	  
kind	  of	  issues	  that	  a	  researcher	  can	  potentially	  encounter.	  	  
We	  continue	  with	  the	  presentation	  of	  the	  empirical	  evaluation	  (Section	  6.4),	  which	  focuses	  
primarily	  on	  the	  experimental	  design	  and	  how	  it	  was	  operationalised.	  The	  final	  part	  of	  this	  
Chapter	   overviews	   the	   overall	   results	   from	   both	   parts	   of	   the	   study	   and	   how	   they	   were	  
aggregated	  for	  our	  comparative	  review.	  The	  analysis	  of	  results	  from	  both	  phases	  of	  the	  study	  
(static	  and	  dynamic)	  is	  discussed	  in	  Chapter	  7.	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6.2 Methodology	  
As	   in	   the	   previous	   phase	   of	   the	   study,	   we	   used	   the	   same	   set	   of	   analytical	   &	   empirical	  
techniques,	   to	   evaluate	   the	  more	   dynamic	   aspects	   of	   the	   system.	   The	   same	   key	   texts,	   as	  
presented	  in	  Table	  5-­‐2,	  were	  used	  to	  evaluate	  the	  usability	  of	  the	  system.	  
We	  started	  this	  phase	  of	  the	  study	  by	  drafting	  a	  scenario	  and	  set	  of	  tasks	  used	  in	  both	  parts	  
of	  this	  phase	  –	  analytical	  and	  empirical.	  An	  analysis	  of	  the	  individual	  results	  of	  each	  part	  was	  
followed	  by	  a	  comparison	  of	  the	  two	  classes	  of	  approach.	  Throughout	  the	  second	  phase	  of	  
the	  study	  we	  used	  a	  scenario	  describing	  a	   set	  of	   tasks	   involving	  a	  driver	  navigating	   in	  East	  
London	   using	   the	   TomTom	   device	   presented	   in	   Chapter	   4.	   In	   this	   part	   of	   the	   study	   we	  
assume	   that	   the	   navigation	   is	   already	   pre-­‐programmed	   to	   reach	   a	   set	   of	   destinations	   as	  
described	   in	   the	   scenario	   –	   the	   programming	   part	   of	   the	   device	   was	   evaluated	   in	   the	  
previous	  phase	  of	  the	  study.	  	  
The	   driver	   is	   intended	   to	   follow	   the	   instructions	   provided	   by	   the	   device	   in	   order	   to	  
successfully	   reach	   the	  destinations	  and	   complete	   the	  given	   tasks.	  The	  generated	   route	   for	  
the	  particular	  itinerary	  allowed	  us	  to	  examine	  a	  wide	  spectrum	  of	  behaviour	  of	  the	  user,	  as	  it	  
includes	  a	  variety	  of	  turns,	  roundabouts	  and	  junctions	  in	  a	  cityscape	  environment	  (see	  Figure	  
6-­‐4).	  We	   selected	   a	   cityscape	   environment,	   as	   there	   is	  more	   intense	   interaction	  with	   the	  
system	   and	   the	   environment	   due	   to	   the	   proximity	   of	   the	   instructions	   generated	   by	   the	  
system.	  This	  contrasts	   the	  different	  kind	  of	   interaction	  when,	   for	  example,	  navigating	  on	  a	  
motorway	  system,	  where	  there	  are	  less	  frequent	   instructions,	  and	  different	  challenges	  due	  
to	  the	  high	  velocity	  of	  the	  car	  and	  the	  difficulty	  of	  rerouting	  if	  a	  wrong	  turn	  is	  taken.	  	  
	  	  	  	   	  
Figure	  6-­‐2.	  	  (a)	  Generated	  route	  for	  task	  2;	  (b)	  Turning	  right	  on	  Rusmead	  Road	  
In	  the	  analytical	  part	  of	  the	  study	  we	  applied	  the	  series	  of	  analytical	  methods	  to	  evaluate	  the	  
navigation	  system,	  as	  described	  in	  Chapter	  4.	  As	  discussed	  in	  the	  previous	  Chapter,	  we	  focus	  
more	  on	  the	  types	  of	  problems	  reported	  by	  each	  class	  of	  approach.	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In	  the	  second	  part	  of	  the	  study	  we	  evaluated	  the	  system	  empirically,	  using	  the	  same	  scenario	  
and	   tasks	  as	   in	   the	   first	  part	  of	   the	   study.	   The	  empirical	   evaluation	  was	   carried	  out	   in	   the	  
roads	  of	  East	  London	  as	  described	  in	  the	  tasks	  and	  scenario	  also	  used	  for	  the	  analytical	  part	  
of	   the	   study	   (Appendix	   IX).	  We	   focused	   our	   attention	   on	   the	   usability	   issues	   that	   drivers	  
encounter	  in	  the	  use	  of	  such	  devices,	  employing	  an	  exploratory	  approach.	  	  	  
6.2.1 Scenario	  &	  Tasks	  
	  
Figure	  6-­‐3	  Interaction	  flow	  for	  Task	  2	  
For	   the	   purpose	   of	   the	   analytical	   evaluation	  we	   used	   the	   navigation	   device	   to	   generate	   a	  
simulation	  based	  on	  the	  route	  that	  the	  driver	  is	  expected	  to	  follow	  as	  prescribed	  by	  the	  tasks	  
selected.	   We	   extracted	   from	   the	   device	   a	   video	   segment	   containing	   all	   the	   visual	   and	  
auditory	   instructions	  that	  the	  user	   is	  expected	  to	  receive	  during	  the	  empirical	  evaluation	  –	  
unless	  the	  user	  makes	  a	  wrong	  turn	  when	  a	  new	  route	  would	  be	  calculated	  by	  the	  system.	  
Through	  the	  simulation	  we	  (a)	  generated	  the	  same	  route	  as	  was	  to	  be	  used	  in	  the	  empirical	  
study	   and	   (b)	   extracted	   the	   instructions	   provided	   by	   the	   system.	   This	   video	   segment	  was	  
used	   in	   conjunction	   with	   the	   task	   lists	   and	   associated	   scenario	   during	   the	   analytical	  
evaluation.	  You	  can	  see	  the	  interaction	  flow	  generated	  in	  Figure	  6-­‐3.	  
The	  specific	  scenario	  we	  used	  for	  this	  study	  is	  as	  follows:	  
It	  is	  late	  afternoon	  and	  you	  have	  promised	  your	  colleagues	  to	  help	  with	  the	  
organisation	  of	  the	  postgraduate	  party.	  You	  will	  need	  to	  drive	  nearby	  to	  pick	  
up	   some	   food	   and	   the	  music	   equipment.	   As	   you	   are	   not	   familiar	  with	   the	  
area,	  you	  will	  be	  using	  a	  navigation	  device	  to	  take	  you	  there.	  	  
Chapter	  6	  
	  	   75	  |	  P a g e 	  
You	   are	   already	   in	   your	   car,	   ready	   to	   go	   and	   you	   are	   about	   to	   use	   your	  
navigation	   device	   to	   take	   you	   there.	   You	   have	   already	   programmed	   the	  
device	  and	  you	  are	  ready	  to	  go.	  
This	   same	   scenario	   is	   used	   in	   all	   techniques	   applied	   in	   the	   study	   –	   both	   analytical	   and	  
empirical.	  We	  present	  next	   the	   tasks	   that	  must	  be	  executed	  and	  what	  was	  expected	   from	  
the	  user	  in	  order	  to	  complete	  them.	  
Task	  1	  
You	  will	  need	  to	  pick	  up	  a	  set	  of	  music	  CDs	  from	  Bethnal	  Green.	  Your	  friend	  will	  be	  waiting	  
for	  you	  outside	  the	  V&A	  Museum	  of	  Childhood	  in	  Bethnal	  Green.	  
-­‐-­‐>	  Follow	  the	  TomTom	  instructions	  to	  Bethnal	  Green	  Museum	  
This	  was	  a	  training	  task	  to	  get	  the	  user	  acquainted	  with	  the	  test	  environment	  and	  the	  device.	  
It	  was	  not	  analysed	  by	  the	  analytical	  or	  empirical	  techniques.	  
Task	  2	  
You	  are	  now	  ready	  to	  pick	  up	  the	  food	  from	  Aldgate.	  Your	  colleagues	  have	  already	  done	  all	  
the	  shopping	  for	  you	  and	  they	  are	  waiting	  by	  the	  Aldgate	  underground.	  
-­‐-­‐>	  Follow	  the	  TomTom	  instructions	  to	  Aldgate	  underground	  station.	  
In	   Task	   2	   the	   driver	   is	   expected	   to	   start	   driving	   from	   Bethnal	   Green	   with	   Aldgate	  
Underground	   station	  as	   the	  destination.	  As	   can	  be	   seen	   in	  Figure	  6-­‐4,	   the	  projected	   route	  
takes	  the	  driver	  west	  towards	  Calvert	  Avenue,	  before	  turning	  south	  to	  reach	  the	  destination.	  
The	  figure	  also	  shows	  the	  instructions	  generated	  by	  the	  system	  to	  complete	  this	  route.	  
Figure	  6-­‐4	  (a)	  Route	  for	  task	  2;	  (b),	  (c),	  (d)	  Instructions	  for	  task	  2	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After	  the	  completion	  of	  Task	  1,	  the	  driver	  is	  now	  close	  to	  Aldgate	  Underground.	  At	  this	  point	  
the	  driver	  must	  drive	  back	  to	  Queen	  Mary	  where	  this	  task	  completes.	  
Task	  3	  
You	  are	  now	  ready	  to	  return	  to	  college.	  The	  party	  is	  about	  to	  begin!	  
-­‐-­‐>	  Follow	  the	  TomTom	  instructions	  back	  to	  Queen	  Mary,	  UoL.	  	  
See	  Figure	  6-­‐5	  for	  the	  route	  and	  instructions	  that	  were	  generated	  by	  the	  system	  to	  complete	  
Task	  3.	  
Figure	  6-­‐5	  (a)	  Route	  for	  task	  2;	  (b)	  Instructions	  for	  task	  2	  
6.3 Analytical	  Evaluation	  	  
In	   this	   section	   we	   describe	   how	   each	   analytical	   technique	   was	   applied	   to	   the	   system,	  
working	  through	  an	  example	  part	  of	  the	  analysis	  for	  illustration.	  As	  discussed	  earlier,	  in	  the	  
analytical	   evaluation	   a	   video	   simulation	   was	   produced	   which	   was	   instrumental	   for	   the	  
analysis	   of	   the	   device.	   The	   video	   simulation	   was	   broken	   down	   into	   a	   series	   of	   video	  
segments	  and	  captured	   images	   to	   reflect	   the	   task	  breakdown	  and	   facilitate	   the	  analysis	  of	  
the	   interaction.	  The	  simulation	  contains	  solely	  what	  the	  driver	   is	  expected	  to	  see	  and	  hear	  
from	  the	  device	  while	  driving.	  The	  simulation	  was	  generated	  from	  the	  device	  using	  the	  tasks	  
described	   in	  Section	  6.2.1.	   The	   captured	   images	  were	   also	   annotated	   to	   include	   the	   voice	  
instructions	  that	  were	  generated	  by	  the	  system.	  A	  detailed	  breakdown	  of	  this	  analysis	  can	  be	  
seen	  in	  Papatzanis	  (2007).	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6.3.1 Cognitive	  Walkthrough	  
Application	  of	  method	  
As	   in	   the	   previous	   phase	   of	   the	   study,	   we	   used	   Cognitive	   Walkthrough	   for	   Operating	  
procedures	  (Novick	  and	  Chater,	  1999)	  which	  includes	  questions	  to	  cover	  steps	  and	  resources	  
outside	  the	  computer's	  part	  of	  the	  system	  interface	  by	  a	  set	  of	  questions.	  
	  	  
Figure	  6-­‐6	  Interaction	  step	  for	  Task	  2	  
Following	  the	  methodology	  given	  in	  Section	  5.3.1,	  we	  analysed	  each	  step	  of	  the	  interaction	  
flow	  to	  complete	  the	  task,	  based	  on	  the	  number	  of	  identified	  steps	  (Figure	  6-­‐4).	  During	  the	  
execution	   of	   the	  method	   (analysis	   phase),	   the	   researcher	   simulated	   the	   execution	   of	   the	  
sequence	   of	   user	   actions	   and	   assessed	   the	   ease	   of	   learning	   of	   the	   design	   by	   filling	   in	   the	  
appropriate	   templates	   provided	   by	   the	   technique.	   	   gives	   an	   extract	   of	   the	   analysis	   for	  
illustrative	  purposes.	  In	  this	  segment	  of	  the	  task,	  the	  driver	  is	  expected	  to	  make	  a	  right	  turn	  
on	   Rushmead	   Road	   in	   order	   to	   successfully	   complete	   the	   task	   (see	   Figure	   6-­‐6).	   Both	  
instances	  of	  the	  video	  and	  associated	  acoustic	  clips	  were	  captured	  for	  each	  step	  to	  help	  with	  
the	  evaluation.	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Table	  6-­‐1.	  Cognitive	  Walkthrough	  extract	  1	  for	  Task	  2	  
Task:	  Turn	  right	  on	  Rushmead	  Road	  
Question	  1:	  Will	  the	  users	  try	  to	  achieve	  the	  right	  effect?	  
At	  this	  point	  the	  user	  receives	  the	  next	  instruction	  in	  two	  modalities;	  acoustic	  and	  visual.	  If	  
the	   user	   sticks	   to	   the	   acoustic	   modality	   the	   right	   goal	   will	   be	   formed.	   If	   the	   driver	   also	  
consults	  the	  display	  problems	  might	  arise,	  as	  the	  turn	  indicator	  might	  be	  misunderstood.	  
Question	  2:	  	  Will	  the	  user	  notice	  the	  correct	  action	  is	  available?	  
The	  right	  direction	  is	  shown	  in	  green	  on	  the	  map	  and	  the	  correct	  vocal	   instruction	  is	  given.	  
Nevertheless,	   the	  user	  might	  be	  confused	  due	  to	  the	  directions	  depicted	  by	  the	  arrows	  on	  
the	  screen.	  
Question	  3:	  	  Will	  the	  user	  associate	  the	  correct	  action	  with	  the	  effect	  trying	  to	  be	  achieved?	  
It	  is	  quite	  likely	  that	  the	  driver	  will	  be	  confused,	  while	  receiving	  conflicting	  information	  from	  
the	  device.	  
Question	  4:	   If	  the	  correct	  action	  is	  performed,	  will	  the	  user	  see	  that	  progress	   is	  being	  made	  
towards	  the	  solution	  of	  the	  task?	  
Once	  the	  driver	  has	  turned	  right,	  the	  next	  instruction	  will	  be	  given	  by	  the	  device,	  while	  the	  
vehicle’s	   position	   is	   updated	   on	   the	   map.	   If	   the	   driver	   does	   not	   follow	   an	   instruction	  
correctly,	   the	   system	   automatically	   recalculates	   the	   route	   and	   gives	   new	   instructions,	  
without	  explicitly	  informing	  the	  user.	  This	  makes	  it	  difficult	  for	  the	  user	  to	  understand	  if	  the	  
correct	  action	  was	  performed,	  as	  the	  system	  perceives	  most	  user	  actions	  as	  correct	  –	  unless	  
you	  turn	  into	  a	  cul-­‐de-­‐sac.	  
In	   the	   step	   analysed	   in	   these	   extracts	   the	   user	   is	   expected	   to	  make	   a	   right	   turn	   from	   the	  
current	   road.	   Various	   issues	   were	   picked	   up	   by	   both	   parts	   of	   the	   method.	   Although	   the	  
‘traditional’	  part	  of	  the	  method	  identified	  issues	  regarding	  the	  turn	  indicator	  of	  the	  system,	  
the	   second	   part	   prompts	   the	   researcher	   to	   consider	   and	   identify	   further	   issues	   regarding	  
experience	  and	  potential	  errors	  as	   illustrated	   in	  Table	  6-­‐2.	  This	  allows	  a	  deeper	  probing	  of	  
context	  issues.	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Task:	  	  Observations	  	  
Question	  i:	  Are	  experience	  or	  training	  needed?	  
Users	  eventually	  will	  learn	  to	  ignore	  the	  non-­‐essential	  information	  displayed	  on	  the	  screen.	  
Question	  ii:	  Is	  the	  step	  correct	  in	  terms	  of	  function?	  n/a	  
Question	  iii:	  Are	  particular	  errors	  likely?	  If	  so,	  what	  is	  their	  impact	  on	  safety?	  	  
A	  confused	  driver	  will	  have	  an	  increased	  risk	  of	  an	  incident.	  The	  difficulty	  of	  understanding	  
what	   is	  happening	  with	   the	  device	  creates	  uncertainty	  with	   the	  user,	  while	  decreasing	   the	  
trust	  in	  the	  device.	  During	  this	  time	  the	  attention	  of	  the	  driver	  is	  shifted	  from	  the	  road	  to	  the	  
device,	   in	   order	   to	   understand	   what	   the	   correct	   action	   is.	   The	   driver	   might	   take	   a	   snap	  
decision	  and	  take	  a	   last	  second	  quick	  turn,	   in	  order	  to	  follow	  the	   instructions.	  At	  the	  same	  
time	  the	  driver	  will	  be	  looking	  outside	  the	  car	  for	  cues	  –	  signs,	  building,	  etc.	  –	  to	  decide	  what	  
the	  correct	  course	  of	  action	  is.	  All	  these	  factors	  can	  only	  decrease	  the	  car’s	  safety.	  	  
Question	  iv:	  Design	  suggestions	  
•	  Redesign	  the	  turn	  indicator	  in	  a	  clear	  fashion.	  
•	  The	   little	  arrows	  shown	  on	   the	   roads	  on	   the	  map	  –	   showing	   road	  direction	  –	  might	  also	  
confuse	  the	  users,	  as	  they	  might	  believe	  it	  is	  an	  alternative	  route.	  
Question	  v:	  Other	  comments	  
Remove	   any	   information	   from	   the	   screen,	   which	   is	   not	   relevant	   to	   the	   current	   task.	   For	  
example,	  there	  is	  an	  indicator	  on	  the	  top	  of	  the	  screen,	  which	  according	  to	  the	  manual	  is	  the	  
‘Next	  motorway’	  indicator.	  This	  unlabelled	  indicator	  clutters	  the	  screen	  without	  offering	  any	  
useful	  information	  to	  the	  user.	  	  
One	  of	   the	   issues	   identified	   is	   that	   the	  turn	   indicator	  might	  confuse	  the	  driver.	  As	  you	  can	  
see	   in	   Figure	   6-­‐2b	   the	  multiple	   direction	   arrows	   are	   likely	   to	   confuse	   the	   user,	   as	   he	  will	  
struggle	  to	  understand	  their	  meaning.	  The	  method	  allows	  not	  only	  the	  recording	  of	  potential	  
problems,	   but	   also	   prompts	   the	   researcher	   to	   give	   a	   rationale	   and	   design	   solutions	   for	  
identified	  issues.	  
Table	  6-­‐2.	  Cognitive	  Walkthrough	  extract	  2	  for	  Task	  2	  (Turn	  right	  on	  Rushmead	  Road)	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Discussion	  
The	  interpretation	  of	  the	  CW	  questions	  is	  somewhat	  difficult	  even	  for	  conventional	  desktop	  
interfaces.	  Using	  the	  same	  set	  of	  questions	  for	  such	  a	  dynamic	  environment	  was	  of	  concern.	  
The	  explicit	  consideration	  of	  error	  probability	  and	  safety,	  in	  this	  version	  of	  CW	  allowed	  us	  to	  
capture	  those	  issues	  that	  are	  pertinent	  to	  car	  navigation	  devices.	  The	  inclusion	  of	  such	  issues	  
brought	   the	  context	  of	  use	  within	   the	   technique	  and	  encouraged	   the	   researcher	   to	   take	  a	  
holistic	  view	  of	  the	  interaction.	  
When	  reviewing	  the	  CW	  analysis,	  we	  see	  that	  most	  issues	  were	  captured	  in	  the	  observations	  
part	  of	  each	  step.	   If	  we	  had	  not	  used	  the	  constructs	  offered	  by	  this	  method	  most	  of	   issues	  
would	  not	  have	  been	  captured	  within	  the	  technique.	  	  
As	  discussed	  earlier	  in	  Chapter	  5,	  we	  have	  various	  concerns	  about	  the	  effectiveness	  of	  CW.	  
Although	   CW	   is	   not	   a	   panacea	   to	   all	   the	   problems	   encountered	   when	   evaluating	   such	  
systems,	  the	  enhanced	  version’s	  coverage	  of	  safety	  and	  error	  issues	  steered	  the	  evaluation	  
of	  the	  system	  in	  the	  right	  direction.	  	  
	  
6.3.2 UAN	  (User	  Action	  Notation)	  
Application	  of	  method	  
As	  in	  phase	  1	  (static)	  of	  the	  study	  UAN	  was	  also	  used	  to	  describe	  the	  state	  of	  the	  interface	  
during	  the	  interaction	  with	  the	  system.	  The	  researcher	  used	  the	  task	  analysis	  that	  was	  made	  
available	   during	   the	   preparation	   of	   phase	   2	   (dynamic)	   in	   conjunction	   with	   the	   video	  
segments/stills	  from	  the	  simulation	  and	  their	  associated	  transcription	  of	  voice	  commands	  to	  
carry	  out	  the	  analysis.	  Each	  step	  of	  the	  interaction	  flow	  was	  described	  using	  this	  method,	  in	  
order	  to	  identify	  potential	  usability	  issues.	  
In	   the	   extract	   shown	   in	   Table	   6-­‐3,	   we	   describe	   the	   interaction	  with	   the	   user	   interface	   as	  
shown	  in	  Figure	  6-­‐2.	  During	  the	  interaction	  the	  user	  steers	  the	  car	  right	  on	  ‘Rushmead	  Road’.	  
In	   the	   notation	  we	   can	   also	   observe	   how	   the	   interface	   changes	   in	   response	   to	   the	   action	  
taken	  by	   the	  user.	   In	   this	  analysis,	   the	  UAN	  specification	   includes	  user	  actions	   that	   involve	  
the	  surrounding	  environment.	  We	  define	  the	  system	  under	  specification	  as	  the	  combination	  
of	   the	  device	  and	  vehicle.	  The	  driving	  performance	  needs	   to	  be	  captured	  as	   it	   informs	  the	  
device	   and	   the	   feedback	   provided	   to	   the	   user,	  while	   the	   user	   actions	   between	  driver	   and	  
device	  are	  very	  limited.	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Table	  6-­‐3.	  Extract	  from	  UAN	  specification	  of	  the	  user	  interface	  
TASK:	  Turn	  right	  on	  Rushmead	  Road	  
USER	  ACTIONS	   INTERFACE	  FEEDBACK	  	   INTERFACE	  STATE	   CONNECTION	  TO	  COMPUTATION	  
Steer	  (right)	   Redisplay	  (position)	  
Update	  (indicator)	  
Redraw	  (map)	  
position	  =	  GPS	  coordinates	   Generate	  next	  instruction	  
Drive	  (straight)	   Redisplay	  (position)	  
Update	  (indicator)	  
Redraw	  (map)	  
position	  =	  GPS	  coordinates	   	  	  
Steer	  (left)	   Redisplay	  (position)	  
Update	  (indicator)	  
Redraw	  (map)	  
position	  =	  GPS	  coordinates	   Generate	  next	  instruction	  
	  
Discussion	  
Specifying	   the	   interaction	   in	   this	   phase	   of	   the	   study	   was	   extremely	   cumbersome,	   as	   we	  
needed	   to	   redefine	   the	   way	   the	   technique	   is	   applied	   to	   the	   system.	   In	   order	   to	   make	  
possible	  the	  application	  of	  the	  technique,	  it	  was	  extended	  to	  capture	  the	  interaction	  beyond	  
the	   interface	   of	   the	   system.	   As	   the	   user	   actions	   are	  mainly	   towards	   steering	   the	   car,	   the	  
technique	  explicitly	  captured	  such	  user	  behaviour.	  
The	  technique	  does	  not	  currently	  capture	  the	  context	  of	  use.	  As	  a	  result	   it	   is	  not	  currently	  
possible	   to	   capture	   within	   the	   notation	   such	   events.	   This	   deters	   the	   researchers	   from	  
considering	  the	  implication	  of	  the	  environment	  on	  the	  usability	  of	  the	  system.	  	  
6.3.3 EMU	  (Evaluating	  Multimodal	  Usability)	  
Application	  of	  method	  
In	   this	   phase	   of	   the	   study	   we	   applied	   the	  methodology	   as	   described	   in	   the	   EMU	   tutorial	  
(Hyde,	   2002).	   As	   with	   the	   rest	   of	   the	   analytical	   techniques,	   the	   simulation	   was	   used	   in	  
several	  stages	  (see	  )	  as	  prescribed	  by	  the	  methodology.	  	  
Table	  6-­‐4	  gives	  an	  extract	  of	  the	  EMU	  analysis	  for	  the	  ‘Turn	  right	  on	  Rushmead	  Road’	  step	  of	  
Figure	   2.	   The	   first	   column	   (Display)	   details	   the	   modalities	   that	   are	   available	   through	   the	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screen	  of	   the	  device	   [SE	  vis-­‐***-­‐***]	  and	   the	  visual	  modalities	   that	  might	  be	  perceived	  by	  
the	  user	   [UR	  vis-­‐***-­‐***].	   The	   second	  column	   (other)	  describes	  other	  modalities	   including	  
auditory	   instructions	   [SE	   aco-­‐***-­‐***]	   from	   the	   device,	   and	   modalities	   from	   the	  
environment	  [UR	  vis-­‐con-­‐dyn].	  
The	  user	  receives	  multiple	  modalities	  that	  need	  to	  be	  processed,	  including	  the	  map	  ([UR	  vis-­‐
sym-­‐dyn]),	   the	   auditory	   instruction	   ([UR	   aco-­‐lex-­‐dyn]),	   and	   the	   road	   ([UR	   vis-­‐con-­‐dyn]).	  
Based	  on	  the	  information	  received	  from	  the	  turn	  indicator	  ([UR	  vis-­‐sym-­‐dyn])	  the	  user	  must	  
steer	  [UE	  hap-­‐con-­‐cont]	  the	  car	  to	  the	  selected	  destination.	  It	  is	  clear	  from	  the	  description	  of	  
modalities	   that	   the	   driver	   is	   being	   overloaded,	   making	   it	   very	   probable	   it	   will	   lead	   to	   an	  
erroneous	  situation.	  	  
Discussion	  
The	   application	   of	   EMU	   in	   this	   phase	   demonstrated	   the	   benefits	   of	   the	   technique.	   EMU	  
allowed	   for	   the	   explicit	   description	   of	   the	   environment.	   It	   also	   provided	   the	   capacity	   to	  
capture	  all	  the	  modalities	  that	  affect	  the	  user,	  including	  information	  received	  both	  from	  the	  
environment	   and	   the	   car	   navigation	   system.	   This	   gave	   the	   researcher	   a	   more	   complete	  
overview	  of	  the	  interaction.	  Driver,	  vehicle,	  car	  navigation	  device	  and	  environment	  were	  all	  
considered	   within	   the	   same	   framework,	   allowing	   the	   researcher	   to	   gain	   a	   better	  
understanding	  of	  the	  usability	  of	  the	  system.	  
As	  discussed	  earlier	  in	  Chapter	  5,	  some	  of	  our	  concerns	  about	  the	  usability	  of	  the	  technique	  
remain,	   but	   its	   application	   in	   this	   part	   of	   the	   study	   demonstrated	   its	   potential	   for	   the	  
evaluation	  of	   location-­‐aware	  systems,	  as	   it	  has	  shown	  a	  better	  coverage	  of	  the	  multimodal	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Display	  	   Other	  
[SE	  vis-­‐sym-­‐dyn]	  
*system	  displays	  map*	  
and	  
[SE	  vis-­‐sym-­‐dyn]	  
*current	  location	  on	  map*	  
and	  
	  [SE	  vis-­‐lex-­‐dyn]	  
*part	  of	  the	  route	  on	  map*	  
and	  
	  [SE	  vis-­‐sym-­‐dyn]	  
*various	  instrument	  info*	  
	  
[SE	  vis-­‐sym-­‐dyn]	  
*Turn	  indicator	  left	  –	  left	  –	  right	  *	  
and	  
	  [SE	  vis-­‐lex-­‐dyn]	  
*current	  road	  information	  strip*	  
Precon	  
[SE	  vis-­‐sym-­‐dyn]	  
	  *valid	  GPS	  information*	  
	  
[UR	  vis-­‐sym-­‐dyn]	  









*user	  scans	  map*	  
Or	  
[UR	  vis-­‐sym-­‐dyn]	  
*	  various	  instrument	  info*	  
	  	  
[SE	  aco-­‐lex-­‐dyn]	  
*system	  issues	  instruction*	  
[UR	  aco-­‐lex-­‐dyn]	  
*user	  hears	  instruction*	  
	  
[UR	  vis-­‐con-­‐dyn]	  
*user	  sees	  the	  road*	  
	  
[UE	  hap-­‐con-­‐cont]	  
*user	  turns	  right*	  
Precon:	  [UR	  aco-­‐lex-­‐dyn]	  
*user	  hears	  instruction*	  
Or	  
[UR	  vis-­‐sym-­‐dyn]	  




SE:	  System	  Expressive	  (expressed	  by	  the	  system)	  
SR:	  System	  Receptive	  (received	  by	  the	  system)	  
UE:	  User	  Expressive	  (expressed	  by	  the	  user)	  
UR:	  User	  Receptive	  (received	  by	  the	  user)	  
hap:	  haptic,	  vis:	  visual,	  lex:	  lexical,	  
sym:	  symbolic,	  dis:	  discrete,	  cont:	  continuous	  
	   	  
	  
Table	  6-­‐4.	  Extract	  from	  EMU	  analysis	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6.3.4 Design	  Guidelines	  (DG)	  
Application	  of	  method	  
In	   this	   part	   of	   the	   study	   the	   subset	   of	   the	   Design	   Guidelines	   (Leveson,	   1995)	   previously	  
identified	   were	   sequentially	   applied	   to	   the	   video	   segments	   and	   stills	   that	   were	   extracted	  
from	  the	  device	  simulation,	  as	  identified	  in	  the	  interaction	  flow	  (Figure	  6-­‐2).	  The	  sequence	  of	  
steps	  that	   the	  user	  has	   to	   traverse	  to	  complete	  the	  tasks	  was	  assessed	  and	  each	  guideline	  
was	  checked	  for	  conformance	  against	  the	  segments	  identified,	  in	  order	  to	  compose	  a	  list	  of	  
violations.	  
Applying	   the	   Design	   Guidelines	   to	   the	   same	   step	   of	   the	   interaction	   as	   the	   previous	  
techniques	   we	   produced	   a	   guidelines	   analysis	   with	   potential	   issues	   that	   need	   to	   be	  
addressed.	  In	  	  	  we	  present	  an	  extract	  from	  the	  analysis	  detailing	  some	  of	  the	  problems	  and	  
the	  associated	  guidelines	  that	  have	  been	  violated.	  	  
Table	  6-­‐5.	  Extract	  from	  the	  Design	  Guidelines	  analysis	  of	  the	  system	  
	  (DG	  17)	  There	  is	  more	  information	  than	  needed	  on	  the	  screen	  –	  information	  overload.	  The	  
user	   will	   struggle	   to	   identify	   the	   required	   information	   and	   associated	   action	   during	   the	  
interaction	  with	  the	  device.	  
(DG	  17)	  The	  auditory	  instruction	  should	  be	  simpler	  and	  not	  contain	  extraneous	  information,	  
when	   the	   user	   is	   about	   to	   make	   a	   turn,	   as	   it	   might	   easily	   create	   confusion.	   Additional	  
information,	   such	   as	   future	   turns,	   should	   only	   be	   provided	   to	   the	   user	   during	   non-­‐critical	  
periods.	  
(DG	  50)	  The	  multiple	  arrows	  are	  difficult	  for	  the	  user	  to	  understand,	  especially	  as	  the	  user	  is	  
assumed	  to	  only	  give	  brief	  glimpses	  to	  the	  display.	  
(DG	  54)	  Various	  pieces	  of	   information	  do	  not	  carry	  appropriate	   labels;	  as	  a	   result	   the	  user	  
cannot	  easily	  interpret	  their	  meaning.	  
Discussion	  
Although	  the	  problems	  of	  applying	  design	  guidelines	  remain	  as	  in	  phase	  1,	  the	  evaluation	  of	  
the	   system	   did	   not	   pose	   significantly	   different	   problems	   in	   this	   phase.	   The	   range	   of	  
guidelines	  included	  in	  this	  set,	  encouraged	  the	  researcher	  to	  take	  into	  consideration	  not	  only	  
the	  system,	  but	  all	  the	  elements	  of	  the	  interaction	  that	  can	  have	  an	  effect	  on	  the	  usability	  of	  
the	  system.	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Table	  6-­‐6.	  Extract	  from	  Design	  Guidelines	  used	  for	  the	  evaluation	  
	   Design	  Guidelines	  (extract)	  
DG	  17	   Design	  for	  error	  tolerance:	  (a)	  make	  errors	  observable,	  (b)	  provide	  time	  to	  
reverse	  them,	  and	  (c)	  provide	  compensating	  actions.	  
DG50	   Designs	  should	  reflect	  normal	  tendencies	  and	  expectations.	  Use	  icons	  with	  
a	   standard	   interpretation.	   Choose	   icons	   that	   are	  meaningful	   to	  users,	   not	  
necessarily	  to	  designers.	  
DG54	   	  Make	  labels	  brief,	  bold,	  simple,	  and	  clear.	  
	  
6.3.5 Summary	  
In	   this	   section	   we	   presented	   illustrative	   examples	   from	   the	   analysis	   to	   showcase	   how	   the	  
analytical	  techniques	  were	  applied	  for	  the	  usability	  evaluation	  of	  the	  car	  navigation	  device.	  
All	   techniques	  used	  the	  same	  tasks	  and	  scenario,	  while	  using	  the	  same	  route	  simulation	  to	  
carry	   out	   the	   analysis.	   The	   full	   list	   and	   analysis	   of	   results	   can	   be	   seen	   in	   Chapter	   7.	   We	  
continue	  in	  the	  next	  section	  with	  the	  empirical	  part	  of	  the	  study.	  
	  
6.4 Empirical	  Evaluation	  
6.4.1 Introduction	  
The	   empirical	   evaluation	   should	   capture	   important	   properties	   of	   the	   interaction	   resulting	  
from	   it	   taking	   place	   in	   a	   dynamic	   environment:	   users	   are	   expected	   to	   follow	   guidance	  
instructions	   from	   a	   location-­‐aware	   application	   while	   driving	   their	   cars,	   with	   various	  
environmental	   variables	   (e.g.,	   traffic	   lights,	   pedestrians,	   other	   traffic,	   etc.).	   Thus,	   the	  
empirical	   part	   of	   the	   study	   was	   expected	   to	   give	   important	   insight	   regarding	   issues	   of	  
context	  of	  use	  that	  analytical	  methods	  might	  fail	  to	  capture.	  As	  the	  users	  are	  interacting	  with	  
the	   device	   and	   the	   surrounding	   environment,	   we	   were	   looking	   for	   usability	   issues	   and	  
human	  errors	  arising	  in	  the	  use	  of	  such	  devices.	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6.4.2 Experimental	  design	  
Usage	  scenario	  &	  tasks	  
Before	  the	  trial,	  the	  device	  was	  pre-­‐programmed	  to	  follow	  a	  specific	  route.	  Each	  driver	  was	  
provided	  with	  the	  task	  list	  (see	  Appendix	  IX)	  in	  order	  to	  get	  acquainted	  with	  the	  scenario	  and	  
the	   route	   to	  be	   followed.	  The	  driver	  was	  asked	   to	  start	  driving	  and	   follow	  the	   instructions	  
given	  by	  the	  device.	  	  
The	   first	  part	  of	   the	  empirical	   study	  –	  Task	  1	  –	  was	  a	   training	   session	  where	   the	  user	  was	  
required	  to	  follow	  the	  first	  part	  of	  the	  scenario.	  During	  this	  part	  of	  the	  trial	  the	  users	  were	  
allowed	  to	  ask	  questions	  of	  the	  experimenter.	  The	  questions	  were	  to	  be	  kept	  to	  a	  minimum	  
in	  order	  to	  avoid	  distraction	  of	  the	  driver	  from	  the	  road.	  The	  goal	  of	  this	  session	  was	  to	  give	  
a	  chance	  to	  the	  users	  to	  familiarise	  themselves	  with	  the	  device	  and	  with	  the	  presence	  of	  the	  
experimenter	  in	  the	  car.	  
During	  the	  second	  part	  of	  the	  study	  –	  Tasks	  2	  and	  3	  –	  users	  followed	  the	  rest	  of	  the	  route	  as	  
instructed	  by	  the	  device.	  During	  this	  part	  of	  the	  trial	  the	  experimenter	  did	  not	  interfere	  with	  
the	  tasks.	  The	  total	  duration	  of	  the	  driving	  did	  not	  exceed	  30	  minutes.	  
Ethics	  
In	  order	  to	  carry	  out	  this	  study	  we	  met	  the	  criteria	  as	  set	  by	  the	  Research	  Ethics	  Committee	  
for	   experiments,	  Queen	  Mary	  University	  of	   London.	   The	   study	  participants	  were	   informed	  
about	  the	  purpose	  of	  the	  study	  and	  signed	  a	  consent	  form	  for	  the	  use	  of	  the	  data	  (Appendix	  
IX).	  
A	  primary	  concern	  of	  the	  study	  was	  the	  safety	  of	  the	  participants.	  They	  were	  not	  required	  to	  
demonstrate	  anything	  other	  than	  their	  ‘normal’	  driving	  behaviour	  during	  the	  study.	  In	  order	  
to	  minimise	  the	  risks,	  participants	  were	  given	  the	  opportunity	  to	  familiarise	  themselves	  with	  
the	  navigation	  device	  for	  several	  days	  prior	  to	  their	  participation	  to	  the	  study.	  Furthermore	  
the	  studies	  were	  carried	  out	  only	  during	  the	  daytime,	  and	  at	  the	  weekend,	  when	  there	  was	  
only	  light	  traffic	  in	  the	  area.	  During	  the	  driving	  sessions	  the	  participants	  drove	  their	  own	  cars,	  
so	  that	  they	  were	  in	  a	  comfortable	  and	  familiar	  environment.	  All	  these	  considerations	  were	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   Figure	  6-­‐7	  User	  trial	  
Participants	  
Six	   users	   participated	   in	   the	   experiment,	   including	   four	  male	   and	   2	   female	   drivers.	   For	   all	  
tasks	   of	   the	   driving	   trial	   we	   used	   TomTom	   Navigator	   5	   software	   running	   on	   an	   iPAQ	  
handheld	   computer	   connected	   to	   a	   TomTom	   GPS	   device	   via	   Bluetooth,	   as	   described	   in	  
Chapter	  4.	  For	  more	  details	  about	  the	  participants	  please	  look	  at	  Table	  6-­‐7.	  
	  
	  	   Age	   Sex	   Education	   Driving	  Experience	   TomTom	  Experience	  
User	  1	   30-­‐40	   Male	   Master	   10	  years	   Medium	  
User	  2	   20-­‐30	   Female	   Master	   5	  years	   Low	  
User	  3	   20-­‐30	   Male	   Master	   5	  years	   Medium	  
User	  4	   20-­‐30	   Male	   Bachelor	   6	  years	   Low	  
User	  5	   20-­‐30	   Female	   -­‐	   6	  years	   Low	  
User	  6	   30-­‐40	   Male	   Bachelor	   10	  years	   Medium	  
	  
Data	  capture	  
In	  this	  study	  we	  focused	  on	  the	  collection	  of	  qualitative	  data	  for	  analysing	  the	  participants’	  
behaviour.	  Each	  experiment	  was	  videotaped,	  capturing	  the	  users	  and	  their	   interaction	  with	  
the	  navigation	  device.	  We	  also	  recorded	  the	  display	  and	  voice	  instructions	  of	  the	  device.	  In	  
order	   to	   facilitate	   the	   data	   capture	   the	   experimenter	   was	   also	   in	   the	   car	   during	   the	  
Table	  6-­‐7	  Participants'	  demographic	  data	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experiment.	  The	  experimenter	  was	  responsible	  for	  setting	  up	  the	  necessary	  navigation	  and	  
recording	  equipment.	  	  
During	   the	   experimental	   trials	   we	   collected	   video	   and	   audio	   data	   from	   the	   interaction	  
between	  the	  user	  and	  the	  system	  using	  a	  video	  camera.	  We	  also	  captured	  a	  video	  stream	  of	  
the	   information	  shown	  on	  the	  screen	  of	   the	   iPAQ	  device.	  This	  was	  achieved	  by	  connecting	  
the	  iPAQ	  running	  the	  navigation	  to	  another	  computer	  and	  continuously	  recording	  the	  display	  
of	   the	  navigation	  device.	   This	   setup	  helped	  us	  avoid	  one	  of	   the	  major	  problems	  with	   field	  
studies	  where	  clip-­‐on	  or	  handheld	  cameras	  produce	   low	  quality	   imagery	  of	   the	   interaction	  
(Kjeldskov	  et	  al.,	  2004).	  The	  video	  data	   for	  each	  participant	  was	   synchronised	  and	  merged	  
before	  we	  started	  a	  thorough	  analysis	  of	  the	  interaction.	  
Data	  analysis	  
Exploratory	   Sequential	   Data	   Analysis	   (ESDA)	   (Fisher	   and	   Sanderson,	   1996,	   Sanderson	   and	  
Fisher,	  1994)	  was	  used	   to	  analyse	   the	  video	  data	   that	  was	   recorded	  during	   the	  user	   trials.	  
ESDA	  helps	  with	  the	  analysis	  of	  dynamic,	  on-­‐line,	  event-­‐driven	  behaviour	  that	  unfolds	  over	  
time	  and	  with	  capturing	  the	  essence	  of	  that	  behaviour.	  	  
We	   started	   with	   the	   transcription	   of	   the	   sequence	   of	   actions	   that	   each	   user	   followed	   in	  
order	   to	   achieve	   the	   tasks	   as	   set	   out	   in	   the	   experimental	   trials.	   Each	   interaction	   step	  was	  
recorded	  and	  matched	  against	  the	  current	  state	  of	  the	  interaction	  device.	  Having	  completed	  
this	   process,	   we	   analysed	   the	   data,	   in	   order	   to	   understand	   the	   problems	   that	   the	   users	  
encountered	   during	   the	   interaction	   and	   how	   their	   sequence	   of	   actions	   compares	   to	   the	  
sequence	  of	  actions	  required	  to	  successfully	  complete	  the	  tasks.	  	  
Results	  
The	  empirical	  evaluation	  revealed	  several	  aspects	  of	  the	   interaction,	  especially	  with	  regard	  
to	   the	   way	   users	   cope	   with	   the	   system	   when	   problems	   arise.	   In	   field	   studies	   users	   take	  
longer	  to	  perform	  certain	  tasks	  and	  also	  reflect	  more	  negative	  feelings	  such	  as	  dissatisfaction	  
and	  difficulty	  of	  use	  (Duh	  et	  al.,	  2006).	  We	  discuss	  here	  some	  of	  these	  issues.	  
We	  identified	  differences	  between	  the	  system	  models	  and	  users’	  mental	  model.	  For	  example,	  
the	   system	  model	   assumes	   that	   the	   driver	   must	   keep	   going	   straight	   on	   the	   current	   road	  
unless	   an	   instruction	   is	   issued	   for	   the	   driver.	   The	   system	   did	   not	   provide	   any	   positive	   or	  
negative	   feedback	   as	   the	   user	   executed	   the	   instructions	   issued.	   Users	   on	   the	   contrary	  
expected	  continuous	  guidance.	  As	  a	  result	  the	  users	  were	  often	  left	  wondering	  what	  action	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was	  expected,	  and	  tried	  through	  protracted	  glances	  at	  the	  device	  to	  understand	  the	  current	  
state	  of	  the	  system.	  This	  was	  both	  observed	  by	  the	  experimenter	  and	  also	  explicitly	  reported	  
by	  the	  users.	  The	  discrepancies	  between	  the	  user	  and	  system	  models	  created	  confusion	  for	  
the	  user,	  resulting	  in	  a	  cumbersome	  interaction	  and	  a	  problematic	  navigational	  experience.	  
Another	  issue	  raised	  during	  the	  evaluation	  is	  the	  way	  the	  system	  handles	  problems	  that	  are	  
related	  to	  the	  quality	  of	  the	  maps	  or	  the	  strength	  of	  the	  GPS	  signal	  —	  both	  intrinsic	  to	  the	  
navigation	  system.	  This	   issue	  became	  apparent,	  as	   the	  system	  started	  exhibiting	  abrupt	  or	  
inexplicable	  behaviour	  once	  the	  user	  started	  driving	  through	  a	  part	  of	  an	  alternative	  route	  
automatically	  calculated	  by	  the	  system,	  due	  to	  a	  ‘wrong’	  turn.	  The	  system	  kept	  recalculating	  
the	   route	   to	   the	   destination,	   showing	   the	   current	   position	   of	   the	   driver	   in	   random	  places	  
every	  few	  seconds,	  while	  at	  the	  same	  time	  giving	  random	  voice	  instructions	  out	  of	  sync	  with	  
the	  visual	  display.	  Such	  instructions	  prompted	  the	  user	  to	  turn	  where	  there	  were	  no	  turns,	  
go	   in	   the	  wrong	  direction	  on	  one-­‐way	   roads	   and	  make	  a	  u-­‐turn	  on	  a	  multi-­‐lane	   road.	   The	  
system	  should	  be	  designed	  to	  better	  respond	  in	  situations	  of	   inaccuracy	  of	  maps	  or	   loss	  of	  
GPS	  signal,	  as	  the	  current	  design	  can	  only	  lead	  to	  a	  precarious	  situation.	  
The	  user	  trust	  in	  a	  car	  navigation	  system	  is	  an	  important	  property	  of	  the	  interaction,	  which	  is	  
constantly	  under	   threat	  while	   the	  user	   suffers	   from	   its	   inefficiency.	  The	   loss	  of	   trust	  has	  a	  
detrimental	  effect	  on	  the	  confidence	  of	  the	  driver	  and	  their	  driving	  behaviour.	  Users	  voiced	  
their	   dissatisfaction	   during	   the	   trial:	   “You	   cannot	   trust	   these	   things”.	   Effective	   measures	  
need	   be	   taken	   in	   order	   to	   improve	   the	   relationship	   between	   user	   and	   device.	   This	  would	  
require	   the	  system	  to	  be	  more	   transparent,	  making	  users	  more	  aware	  of	   its	   current	   state,	  
especially	   when	   it	   is	   failing.	   Antifakos	   et	   al.	   (2005)	   carried	   out	   an	   experimental	   study	  
demonstrating	   that	   people	   deal	   better	  with	   context-­‐aware	   systems	  when	   they	   know	   how	  
reliable	  they	  are.	  
In	  order	  to	  compensate	  for	  the	  problems	  discussed	  here,	  users	  adopted	  different	  strategies	  
when	  using	  the	  device:	  
1. Looking	  continuously	  at	  the	  screen	  to	  ascertain	  what	  is	  happening	  and	  what	  they	  are	  
expected	  to	  do.	  
2. Not	  looking	  at	  the	  display,	  but	  expecting	  voice	  instructions	  from	  the	  system.	  	  
3. Waiting	  for	  a	  voice	  instruction	  and	  then	  checking	  the	  device	  for	  confirmation.	  
Users	   adopted	  different	   strategies	  once	   they	   realised	   that	   there	  was	   a	  deviation	   from	   the	  
expected	  route.	  Users	  started	  looking	  more	  often	  and	  for	  more	  time	  at	  the	  device,	  once	  they	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realised	  that	  the	  quality	  of	  auditory	  instructions	  was	  failing	  (i.e.,	  switching	  from	  strategy	  2	  or	  
3	   to	   strategy	   1).	   We	   observed	   users	   as	   they	   changed	   their	   strategies	   to	   compensate	   for	  
failings	  of	  the	  device.	  Understanding	  and	  supporting	  the	  users’	  strategies	  could	   lead	  to	  the	  
design	  of	  more	  usable	  navigation	  systems.	  
	  
6.5 Summary	  
This	  Chapter	  described	  phase	  two	  of	  the	  comparative	  study,	  where	  the	  device	  was	  evaluated	  
against	   a	   dynamic	   context	   of	   use.	   As	   in	   the	   previous	  Chapter	   we	   covered	   the	   three	  main	  
components	  of	  this	  phase:	  methodology,	  analytical	  approach	  and	  empirical	  approach.	  	  
In	  the	  analytical	  approach	  we	  took	  a	  more	  detailed	  look	  at	  each	  of	  the	  analytical	  techniques	  
and	  provide	   illustrative	  examples	  of	  how	   they	  were	  applied	  on	   the	  navigation	  device.	  This	  
was	   one	   of	   the	   most	   challenging	   parts	   of	   the	   study,	   as	   the	   analytical	   tools	   were	   not	  
specifically	  designed	  to	  capture	  issues	  in	  such	  a	  context	  of	  use.	  
In	   the	  empirical	   approach	  we	  described	   the	  kind	  of	  experiment	   carried	  out	  and	  presented	  
the	  experimental	  plan	  that	  was	  followed.	  As	  discussed	  earlier,	  evaluating	  usability	  in	  the	  wild	  
has	   many	   difficulties,	   but	   it	   is	   necessary	   for	   the	   evaluation	   of	   location	   aware	   devices.	   A	  
detailed	  analysis	  of	  the	  results	  from	  both	  empirical	  and	  analytical	  approach	  is	  presented	  in	  
Chapter	   7.	   In	  Chapter	   7	  we	   combine	   the	  data	   gathered	   throughout	   the	   study	   and	   seek	   to	  
identify	  the	  scope	  of	  the	  UEMs.	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Chapter	  7. Analysis	  of	  results	  	  
In	  Chapter	  7	  we	  draw	   together	   the	  data	   collected	   from	  both	  phases	  of	   the	   study	  —	  static	  
and	   dynamic.	   We	   scope	   the	   methods	   and	   review	   their	   applicability	   for	   location-­‐aware	  
systems.	  We	  explore	   the	  variability	  of	   results	  between	  the	  static	  and	  dynamic	  context	  and	  
assess	   the	   effectiveness	   of	   both	   analytical	   and	   empirical	  methods	   between	   such	   contexts.	  
We	  discuss	  the	  different	  ways	  we	  analysed	  the	  results	  and	  different	  insight	  we	  acquired.	  We	  
look	   at	   the	   results	   through	  different	   theoretical	   lenses:	   firstly	   in	   terms	  of	   phenotypes	   and	  
genotypes	  (Hollnagel,	  1993),	  and	  secondly	  in	  terms	  of	  the	  kind	  of	   issues	  that	  each	  usability	  
approach	   yields.	   We	   next	   derive	   a	   classification	   scheme	   that	   researchers	   can	   use	   in	   the	  
future	  to	  better	  understand	  the	  scope	  of	  different	  UEMs.	  Finally,	  we	  look	  at	  individual	  UEMs	  
and	  assess	  their	  effectiveness	  in	  evaluating	  the	  car	  navigation	  system.	  
	  
7.1 Introduction	  
A	  three-­‐stage	  procedure	  was	  followed	  to	  analyse	  the	  data	  in	  order	  to	  better	  understand	  the	  
results.	   In	   the	   first	  stage,	  once	  the	  usability	   issues	  were	   identified,	   they	  were	  collated	  as	  a	  
single	   usability	   list	   for	   each	   phase	   —	   static	   and	   dynamic.	   The	   same	   researcher	   (author)	  
carried	   out	   all	   the	   analytical	   evaluations.	   Clearly,	   this	   leads	   to	   contamination.	   In	   order	   to	  
avoid	   any	   cross	   contamination	   in	   the	   issues	   identified	   by	   each	   technique,	   a	   systematic	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Figure	  7-­‐1	  Outline	  of	  analysis	  
Chapter	  7	  
	  	   92	  |	  P a g e 	  
all	   the	   issues	   associated	   with	   each	   method.	   Furthermore,	   the	   review	   ensured	   that	   each	  
usability	   issue	   identified	  came	  as	  a	  result	  of	   the	  specific	  evaluation	  technique	  and	  not	  as	  a	  
side	  product	  of	  it	  due	  just	  to	  craft	  skill.	  The	  second	  stage	  involved	  the	  analysis	  of	  the	  list	  of	  
usability	  issues	  compiled	  in	  the	  first	  stage	  from	  three	  different	  angles.	  Firstly,	  we	  did	  an	  error	  
analysis	   on	   the	   results	   in	   terms	   of	   genotypes	   and	   phenotypes	   (Hollnagel,	   1993).	  We	   then	  
applied	  a	  classification	  approach	  developed	  by	  Blandford	  et	  al.	  (2008).	  This	  analysis	  scoped	  
the	  methods	  with	  regard	  to	  the	  kind	  of	  errors	  the	  techniques	  identified.	  It	  was	  followed	  by	  a	  
further	  review	  of	  the	  results	  in	  the	  context	  of	  a	  classification	  scheme	  that	  was	  developed	  for	  
the	  purposes	  of	  this	  thesis,	  in	  an	  attempt	  to	  better	  capture	  the	  boundaries	  of	  each	  analytical	  
technique.	  Finally,	   in	  the	   last	  stage,	  we	  overviewed	  the	  usability	   issues	  with	  regards	  to	  the	  
type	   of	   issues	   identified	   by	   each	   UEM,	   as	   well	   as	   giving	   an	   assessment	   of	   the	   evaluation	  
dimensions	  that	  we	  presented	  in	  Section	  2.3.	  An	  outline	  of	  the	  analysis	  can	  be	  seen	  in	  Figure	  
7-­‐1.	  
	  
7.2 Collating	  results	  
7.2.1 Introduction	  
In	   Chapter	   5	   and	   Chapter	   6	   we	   presented	   the	   evaluation	   process	   and	   provided	   brief	  
examples	   as	   an	   illustration	   of	   the	   findings	   reported.	   The	   process	   of	   identifying	   and	  
cataloguing	   the	   usability	   issues	   found	   by	   each	   method	   was	   detailed	   and	   thorough	   with	  
variations	  depending	  on	  the	  type	  of	  evaluation	  carried	  out.	  	  
Each	   technique	   used	   in	   our	   study	   captured	   usability	   issues	   in	   different	   ways.	   After	   each	  
analytical	   evaluation	   was	   completed,	   we	   produced	   a	   list	   of	   usability	   issues,	   accompanied	  
with	  brief	  descriptions	   (see	  Appendix	   III	  and	  Appendix	  V).	  This	  process	  was	   followed	  for	  all	  
analytical	  evaluations	  on	  both	  phases	  of	  the	  study.	  The	  results	  of	  these	  evaluations	  were	  8	  
different	  lists	  of	  usability	  issues	  (four	  lists	  of	  issues	  for	  each	  of	  the	  dynamic	  and	  static	  phase).	  
Similarly,	  during	  the	  initial	  analysis	  of	  the	  empirical	  data,	  we	  composed	  two	  lists	  of	  usability	  
issues,	  one	  for	  each	  phase	  of	  the	  study.	  This	  left	  us	  with	  10	  lists	  of	  usability	  issues.	  
Once	  all	   evaluations	  were	   completed	   the	   lists	  were	  merged	   into	   two	  distinct	   lists:	  one	   for	  
the	  static	  phase	  and	  another	  for	  the	  dynamic	  phase.	  We	  present	  in	  the	  following	  sections	  the	  
process	  of	  creating	  the	  lists	  and	  an	  initial	  comparison	  of	  the	  findings.	  This	  facilitated	  the	  later	  
analysis	  and	  gave	  us	  a	  better	  understanding	  of	  the	  coverage	  of	  issues.	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Process	  
In	  order	  to	  create	  the	   issue	   lists	  we	  followed	  a	  process	  of	  merging	  the	   issues	  derived	  from	  
the	  different	  UEMs.	  As	  our	  analysis	  is	  based	  on	  the	  kind	  of	  usability	  issues	  and	  not	  problem	  
counts,	  in	  the	  first	  instance	  we	  removed	  multiple	  occurrences	  of	  the	  same	  kind	  of	  problem,	  
while	  keeping	  a	  record	  of	  what	  each	  technique	  had	  detected.	  At	  this	  point	  we	  merged	  the	  10	  
lists	  from	  the	  two	  phases	  of	  the	  study	  into	  the	  two	  distinct	  lists	  corresponding	  to	  each	  phase	  
—	  static	  and	  dynamic.	  
Each	   list	   was	   then	   analysed	   to	   identify	   and	   merge	   similar	   issues.	   The	   wording	   of	   each	  
usability	  issue	  can	  be	  significantly	  diverse	  as	  captured	  by	  each	  method.	  We	  reverted	  to	  the	  
description	   attached	   to	   each	   usability	   issue,	   to	   make	   the	   right	   associations	   between	   the	  
various	  issues.	  The	  result	  of	  this	  step	  was	  the	  mapping	  of	  each	  issue	  to	  multiple	  techniques	  
as	  appropriate.	  
For	   the	  purposes	  of	   the	  analysis	  each	  usability	   issue	  was	  assigned	  a	  unique	   identifier,	  e.g.,	  
[UI56.a],	   where	   the	   number	   identifies	   the	   usability	   issue	   (UI)	   and	   the	   suffix	   identifies	   the	  
phase	  in	  which	  the	  issue	  was	  detected	  –	  phase	  a	  for	  static	  and	  phase	  b	  for	  dynamic.	  The	  full	  
list	  of	  usability	  issues	  identified	  in	  this	  phase	  can	  be	  found	  in	  Appendix	  I.	  	  
The	  process	  of	  merging	  issues	  into	  single	  lists	  has	  its	  limitations,	  as	  we	  are	  moving	  from	  the	  
lists	  of	   issues	  produced	  by	  each	  method,	  and	  abstracting	  to	  a	  unified	  list	  for	  each	  phase	  of	  
the	  study.	  In	  order	  to	  verify	  and	  validate	  the	  scope	  of	  issues	  identified	  within	  the	  framework	  
of	  the	  unified	  lists	  we	  submitted	  the	  list	  to	  systematic	  review	  as	  described	  in	  the	  Section	  7.3.	  	  
	  
7.3 Systematic	  review	  of	  results	  
The	   collection	   of	   results	   from	   both	   the	   analytical	   and	   empirical	   parts	   of	   the	   study	   was	  
followed	  by	  a	  systematic	  review	  of	  the	  usability	  issues	  that	  were	  identified.	  The	  goal	  of	  the	  
review	  was	  to	  address	  some	  of	  the	  concerns	  when	  assessing	  usability	  evaluation	  methods	  as	  
identified	   by	  Gray	  &	   Salzman	   (1998).	   The	   identification	   of	   the	   usability	   issues	   that	   can	   be	  
captured	  by	  each	  UEM	  in	  such	  a	  systematic	  way,	  allows	  us	  to	  draw	  a	  comparison	  about	  their	  
effectiveness	   and	   scope	   in	   the	   particular	   domain,	   i.e.,	   location-­‐aware	   systems.	   As	   there	   is	  
more	  than	  one	  variant	  of	  some	  of	  the	  techniques,	  we	  used	  as	  unique	  key	  reference	  a	  variant	  
of	   each	   technique	   as	   identified	   and	   presented	   in	  Chapter	   5	   and	   captured	   in	   Table	   5-­‐2.	   A	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similar	  approach	  was	  also	  employed	  by	  (Blandford	  et	  al.,	  2008)	  where	  usability	  issues	  were	  
also	  systematically	  reviewed	  for	  the	  purposes	  of	  their	  study.	  	  	  
There	  are	  several	  reasons	  that	  made	  the	  review	  a	  necessary	  step.	  The	  review	  was	  needed	  to	  
check	  whether	   the	   issues	   identified	   could	   be	   attributed	   to	   the	   particular	   technique	   under	  
assessment.	   This	   process	   eliminates	   possible	   ‘contamination’	   of	   results	   as	   the	   researcher	  
might	   ‘carry	  on’	   results	   from	  one	   technique	   to	  another	  during	   the	  analytical	   evaluation	  of	  
the	  system.	  	  
Furthermore,	   the	   review	   seeks	   to	   limit	   the	   influence	   of	   craft	   skill	   in	   the	   identification	   of	  
issues	   of	   each	   technique.	   The	   usability	   experience	   of	   the	   researcher	   may	   help	   identify	  
usability	   issues	   that	  would	   not	   have	  been	  discovered	   through	   the	  procedures	   followed	  by	  
the	   techniques.	   It	   is	   often	   the	   case	   that	   the	   techniques	   themselves	   (e.g.,	   UAN)	  might	   not	  
provide	  for	  the	  discovery	  of	  certain	  issues.	  Nevertheless,	  they	  encourage	  researchers	  to	  gain	  
a	   better	   understanding	   of	   the	  mechanics	   of	   the	   interface,	   thus	   enabling	   them	   to	   discover	  
issues	  beyond	  the	  scope	  of	  the	  particular	  method.	  Although	  this	  might	  be	  beneficial	  for	  the	  
overall	  evaluation	  of	  the	  system,	   it	   is	  still	  considered	  a	  side	  effect	  to	  the	  application	  of	  the	  
technique.	  	  
Finally,	   the	   review	   helps	   identify	   usability	   issues	   that	   were	   not	   initially	   discovered	   by	   the	  
researcher	  using	  a	  particular	  technique.	  This	  process	  mitigates	  the	  risk	  of	  potential	  omissions	  
or	  oversights	  as	  the	  analytical	  evaluations	  were	  carried	  out	  by	  a	  sole	  researcher.	  	  
In	  the	  next	  section	  we	  continue	  with	  the	  description	  of	  the	  process	  we	  followed	  to	  execute	  
the	  systematic	  review	  of	  results	  on	  the	  usability	  issues	  identified.	  
7.3.1 Methodology	  
The	  review	  was	  based	  on	  the	  single	  list	  of	  usability	  issues,	  as	  discussed	  in	  Section	  7.2.	  The	  list	  
includes	   all	   issues	   identified	   by	   both	   analytical	   and	   empirical	   parts	   of	   the	   study.	   It	   is	  
accompanied	  by	  a	  short	  description	  for	  each	  usability	  issue	  (see	  Appendix	  III	  &	  Appendix	  V)	  
and	  an	  indication	  of	  which	  methods	  identified	  them.	  
The	   researcher	   examined	   each	   usability	   issue	   in	   the	   list	   and	   coded	   them	   according	   to	  
whether:	  
a. The	  issue	  should	  have	  been	  found	  by	  the	  technique	  but	  was	  not	  (SR).	  
b. The	  issue	  was	  originally	  identified	  but	  is	  attributed	  to	  the	  researcher’s	  craft	  skill	  (C).	  
c. The	  issue	  was	  found	  by	  the	  technique	  (M).	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The	  researcher	  used	  the	  key	  text	  for	  each	  technique,	  the	  list	  of	  usability	  issues	  and	  the	  set	  of	  
criteria	   as	   identified	   above	   to	   execute	   the	   review.	   The	   list	   of	   usability	   issues	   was	  
independently	   assessed	   against	   each	   analytical	   technique.	   During	   this	   process,	   the	  
researcher	  kept	  a	  record	  of	  the	  rationale	  for	  each	  assignment	  made.	  This	  makes	  the	  process	  
inspectable	  as	  a	  different	  researcher	  can	  easily	  go	  over	  the	  results	  if	  needed.	  The	  records	  of	  
this	  review	  can	  be	  seen	  in	  Appendix	  VI.	  
Table	   7-­‐1	   gives	   a	   subset	   of	   the	   review	   as	   carried	   out	   on	   the	   list	   of	   usability	   issues	   for	  
illustration.	   The	   review	  of	   the	   full	   list	   of	   results	   is	   given	   in	  Appendix	   III.	   All	   usability	   issues	  
that	   were	   originally	   discovered	   by	   the	   respective	   techniques	   are	   marked	   with	   M.	   The	  
usability	   issues	  that	  were	  assigned	  to	  a	  technique	  during	  the	  review,	  but	  missed	  originally,	  
were	  marked	  with	  SR.	  We	  have	  marked	  with	  C	   issues	   that	  were	  discovered	   initially	  by	   the	  
techniques,	  but	  were	  attributed	  to	  the	  craft	  skill	  of	  the	  researcher	  during	  the	  review.	  When	  
a	  usability	  issue	  remains	  unmarked,	  it	  signifies	  that	  the	  technique	  was	  unable	  to	  identify	  the	  
particular	  usability	  issue.	  
	   	  Usability	  Issues	   CW	   UAN	   EMU	   DG	  
[UI10.b]	   No	  voice	  feedback	  when	  route	  is	  being	  recalculated	   C	   	   	   	  
[UI18.b]	   Extraneous	  voice	  instruction	  at	  critical	  point	  	   	   	   SR	   M	  
[UI20.b]	   No	  voice	  or	  visual	  instruction	  when	  the	  driver	  is	  about	  to	  start	  driving	   M	   SR	   M	   M	  
[UI21.b]	   No	  indication	  of	  final	  destination	   M	   M	   	   	  
Key:	  M:	  Found	  by	   the	  method,	  SR:	  Should	  have	  been	   found	  by	   the	  method;	  C:	  Found	  by	  Craft	   skill;	  
Blank:	  Not	  identifiable	  by	  the	  method	  
The	   review	   was	   documented	   to	   allow	   for	   closer	   inspection	   and	   understanding	   of	   the	  
assignments	  made.	  For	  example	  [UI21.b]	  (see	  Table	  7-­‐1.)	  was	  not	  discovered	  by	  EMU,	  as	  the	  
level	   of	   abstraction	   used	   during	   the	   evaluation	   did	   not	   allow	   for	   capturing	   such	   issues.	  
[UI10.b]	  was	  originally	  attributed	   to	   the	  CW	  technique	  but	  was	   reassigned	   to	  craft	   skill	   (C)	  
during	  the	  review.	  This	   is	  because	  the	  particular	   issue	  comes	  up	  only	  when	  a	  user	  deviates	  
from	  the	  original	   route	  and	  a	  new	  route	   is	  generated.	  Such	  usability	   issues	  go	  beyond	   the	  
Table	  7-­‐1	  Extract	  from	  usability	  problems	  list	  after	  review	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scope	  of	  the	  technique,	  as	  CW	  does	  not	  assess	  error	  paths	  in	  the	  interaction.	  	  Issue	  [UI18.b]	  
should	  have	  been	  picked	  up	  by	   EMU,	   as	   it	   is	   part	   of	   the	  mechanics	   of	   the	   technique.	   The	  
closer	  examination	  of	  modality	  clashes	  should	  have	  allowed	  for	  the	  discovery	  of	  such	  issues.	  
7.3.2 Initial	  comparative	  analysis	  of	  phase	  1:	  static	  
This	   study	   covered	   several	   parts	   of	   the	   system	  over	   the	   three	   different	   tasks	   selected	   for	  
evaluation.	   We	   identified	   a	   set	   of	   over	   50	   usability	   problems	   attributed	   to	   one	   or	   more	  
techniques.	  In	  this	  section	  we	  provide	  a	  brief	  overview	  of	  the	  results	  to	  give	  a	  flavour	  of	  the	  
kind	  of	  problems	  found.	  	  
Although	   the	  analytical	   and	  empirical	   techniques	  managed	   to	   identify	   a	   similar	  number	  of	  
issues	   during	   the	   analysis,	   the	   types	   of	   issues	   varied.	   Each	   class	   of	   approach	   identified	   a	  
distinct	  set	  of	  issues,	  while	  only	  a	  few	  usability	  problems	  were	  identified	  by	  both	  classes	  of	  
approach.	  	  
We	  overview	  briefly	  below	  the	  two	  subsets	  of	  usability	  problems	  –	  analytical	  and	  empirical	  –	  
and	  where	  these	  subsets	   intersect.	  For	  the	  purposes	  of	  the	  analysis	  we	  give	  for	   illustration	  
(Table	  7-­‐2)	  a	  representative	  sample	  of	  usability	  problems	  collated	  during	  the	  analytical	  and	  
empirical	  study.	  The	  sample	  includes	  two	  examples	  for	  each	  of	  the	  three	  subsets	  of	  usability	  
issues	  identified:	  i)	  analytical	  approach,	  ii)	  empirical	  approach	  and	  iii)	  both	  approaches.	  	  
	   CW	   UAN	   EMU	   DG	   EMP	  
[UI56.a]	   No	  way	  to	  edit	  the	  route	  from	  view	  menu	        
[UI55.a]	   No	  clear	  way	  to	  bypass	  house	  number	  entry	        
[UI39.a]	   Invalid	  input	  through	  address	  entry	        
[UI49.a]	   Wrong	  mode	        
[UI20.a]	   Inappropriate	  headings	  in	  menus	        
[UI12.a]	   Inconsistent	  colour	  scheme	  within	  menus	        
	  
The	   first	   two	   usability	   problems	   given	   in	   Table	   7-­‐2	  were	   captured	   by	   both	   analytical	   and	  
empirical	  techniques.	  
Table	  7-­‐2	  Extract	  of	  usability	  problems	  list	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1. No	  way	  to	  edit	  the	  route	  from	  view	  menu	  [UI56.a]	  
The	  design	  of	  the	  menu	  structure	  prohibited	  the	  users	  from	  making	  any	  changes	  to	  
the	  generated	  route	  from	  the	  set	  of	  menus	  used	  to	  view	  the	  route.	  As	  a	  result,	  users	  
had	   to	   navigate	   through	   a	   series	   of	   system	   menus	   to	   locate	   the	   appropriate	  
functionality.	  
2. 	  No	  clear	  way	  to	  bypass	  house	  number	  entry	  [UI55.a]	  
The	  second	  task	  involved	  programming	  the	  navigation	  device	  to	  reach	  a	  restaurant.	  
The	  address	  provided	  to	  the	  user	  in	  the	  context	  of	  this	  trial	  did	  not	  include	  a	  street	  
number.	  Nevertheless,	  the	  system	  asks	  for	  this	  piece	  of	  information	  (see	  Figure	  5-­‐2b)	  
as	  part	  of	  the	  address,	  without	  an	  obvious	  way	  to	  bypass	  it.	  
Analytical	   techniques	   identified	   the	   issue	   in	   the	   study,	   offering	   design	  
recommendations	  to	  resolve	  it.	  In	  the	  empirical	  study,	  as	  users	  were	  not	  aware	  of	  a	  
street	  number	  for	  the	  restaurant,	  they	  employed	  various	  strategies,	  as	  there	  was	  no	  
evident	  way	   to	   skip	   this	   step.	   Some	   users	   entered	   a	   random	  number,	  while	   some	  
others	  chose	  the	  ‘crossing	  menu’	  functionality	  in	  order	  to	  complete	  their	  task.	  
The	  next	  two	  usability	  problems	  (number	  3	  &	  4)	   identified	  were	  captured	  by	  the	  empirical	  
evaluation	  only.	  
3. Invalid	  input	  through	  address	  entry	  [UI39.a]	  
The	  system	  offers	  different	  interactive	  dialogues	  to	  the	  user	  to	  input	  the	  information	  
about	  the	  destination	  in	  terms	  of	  an	  address,	  postcode,	  point	  of	  interest,	  city	  centre,	  
etc.	  Users	  repeatedly	  attempted	  to	  input	  through	  the	  address	  dialogue,	  information	  
other	  than	  that	  asked	  for	  at	  the	  time	  by	  the	  device.	  Although	  the	  first	  screen	  of	  this	  
dialogue	  asks	  for	  the	  city	  name	  of	  the	  destination,	  users	  tried	  to	  enter	  the	  postcode,	  
name	   of	   the	   restaurant,	   street	   name,	   etc.	   Apparently	   users	   did	   not	   identify	   the	  
specific	   dialogue	   for	   postcode	   entry,	   consequently	   trying	   to	   communicate	   the	  
postcode	   to	   the	   system	   through	   this	   menu,	   since	   another	   option	   was	   not	   readily	  
available.	  This	  led	  to	  confusion,	  decreasing	  significantly	  the	  usability	  of	  the	  system.	  	  
4. Wrong	  mode	  [UI49.a]	  
Another	   issue	   identified	   in	   the	  empirical	   study	  only	   refers	   to	   the	  user	  being	   in	   the	  
wrong	  mode.	  The	  system	  incorrectly	  captured	  the	  intentions	  of	  the	  user	  without	  the	  
user	  realising.	  This	  was	  identified	  as	  the	  user	  attempted	  to	  carry	  out	  the	  2nd	  task,	  i.e.,	  
setting	  up	  an	  intermediate	  destination	  in	  the	  itinerary,	  through	  the	  address	  dialogue.	  
More	   specifically,	   the	  user	   input	   part	   of	   the	  name	   (N-­‐O-­‐T-­‐T)	   of	   the	   stopover	   town	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(Nottingham)	  and	  the	  system	  automatically	  updated	  the	  appropriate	   list,	  according	  
to	   the	  user	   input.	  As	   it	  was	  being	  updated,	  Nottingham	  momentarily	   appeared	  on	  
top	  of	  the	  list,	  before	  it	  went	  to	  second	  place	  in	  order	  to	  be	  replaced	  by	  Notting	  Hill.	  
Nevertheless,	  the	  user	  selected	  the	  first	  item	  on	  the	  list,	  not	  having	  realised	  that	  the	  
list	  had	  changed	  before	  the	  selection	  was	  made.	  
Under	   these	   circumstances	   the	   user	   arrived	   at	   the	   next	   screen,	   ‘Travel	  
via/Address/Street	   entry’,	   under	   the	   illusion	   that	   Nottingham	   was	   selected	   in	   the	  
previous	  screen.	  As	  a	   result	   the	  user	  was	  unsuccessful	   in	   locating	   the	  street	  or	   the	  
restaurant	  on	  the	  list,	  as	  the	  wrong	  city	  was	  selected.	  
The	   last	   two	  usability	  problems	   identified	   that	  we	  discuss	  here	  were	   captured	  only	  by	   the	  
analytical	  class	  of	  approach:	  
5. Inappropriate	  headings	  in	  menus	  [UI20.a]	  
The	   lack	   of	   appropriate	   headings	   throughout	   the	   application	  was	   picked	   up	   by	   all	  
analytical	   techniques	   applied	   in	   this	   study.	   Titles	   are	   necessary	   as	   they	   provide	  
orientation	   and	   constant	   feedback	   to	   the	   user.	   Missing	   or	   inappropriately	   used	  
headings	  decrease	  significantly	  the	  usability	  of	  a	  system.	  
6. Inconsistent	  colour	  scheme	  within	  menus	  [UI12.a]	  
Colour	  schemes	  can	  be	  used	  to	  group	  together	  similar	  functions,	  while	  at	  the	  same	  
time	  offering	  the	  sense	  of	  continuity	  to	  the	  user	  when	  progressing	  through	  the	  task.	  
In	   this	   system	   the	   colour	   scheme	   is	   used	   inconsistently,	   resulting	   in	   inappropriate	  
feedback	  and	  sense	  of	  confusion	  by	  the	  user.	  This	  was	  picked	  up	  by	  DG	  as	  it	  violated	  
the	  respective	  guideline,	  while	  it	  was	  also	  identified	  in	  the	  process	  of	  the	  CW.	  
We	  continue	  with	  the	  analysis	  of	  the	  issues	  as	  captured	  in	  both	  parts	  of	  the	  dynamic	  phase	  
in	  the	  study.	  The	  analysis	  looks	  at	  the	  scope	  of	  the	  techniques,	  as	  captured	  in	  the	  unified	  list	  
of	  issues.	  
7.3.3 Initial	  comparative	  analysis	  of	  phase	  2:	  dynamic	  
We	  overview	  briefly	  below	  the	  two	  subsets	  of	  usability	  problems	  identified	  –	  analytical	  and	  
empirical	  –	  and	  where	  these	  subsets	   intersect.	  For	  the	  purposes	  of	   illustrating	  this	  analysis	  
we	   give	   a	   representative	   sample	   of	   usability	   problems	   collated	   during	   the	   analytical	   and	  
empirical	   approaches	   in	   the	   second	   phase	   of	   our	   study	   (dynamic).	   As	   in	   Section	   7.3.2	   the	  
Chapter	  7	  
	  	   99	  |	  P a g e 	  
sample	   includes	   examples	   for	   each	   of	   the	   three	   subsets	   of	   usability	   issues	   identified:	   i)	  
analytical	  approach,	  ii)	  empirical	  approach	  and	  iii)	  both	  approaches.	  
	   CW	   UAN	   EMU	   DG	   EMP	  
[UI13.b]	   Infrequent voice instructions 	        
[UI33.b]	   Inconsistency in next road field 	        
[UI26.b]	   Information overload on the 
screen display	  
     
[UI42.b]	   User confused whether a wrong 
turn has been taken	  
     
[UI4.b]	   User missed turn in the 
roundabout	  
     
	  
The	  first	  usability	  problems	  given	  in	  Table	  7-­‐3	  were	  captured	  by	  both	  analytical	  and	  empirical	  
techniques.	  
1. Infrequent	  voice	  instruction	  [UI13.b]	  
There	  is	  no	  voice	  feedback	  provided	  for	  prolonged	  periods	  of	  time,	  when	  the	  user	  is	  
driving	  through	  a	  long	  stretch	  of	  road.	  	  Some	  voice	  feedback	  should	  be	  provided	  in	  
order	   to	   reassure	   the	  driver	   that	   the	  system	   is	   still	  operational	  and	   the	  car	   still	  on	  
route.	  
The	  next	   two	  usability	  problems	   (number	   [UI33.b]	  &	   [UI26.b])	   identified	  were	  captured	  by	  
the	  analytical	  approach	  only.	  
2. Inconsistency	  in	  next	  road	  field	  (Florida	  Street)	  [UI33.b]	  
There	   is	   another	   inconsistency	   in	   respect	   to	   the	   field	  of	   the	  bottom	  of	   the	   screen,	  
where	   the	   name	   of	   the	   next	   street	   to	   turn	   onto	   appears.	   Although	   the	   driver	   is	  
already	   on	   ‘Florida	   Street’,	   he	   is	   expected	   to	   make	   a	   turn	   on	   this	   street	   again.	  
Although	  this	  information	  is	  correct	  as	  the	  same	  street	  continues,	  it	  is	  not	  clear	  from	  
the	  system	  that	  the	  driver	  just	  keeps	  on	  going	  on	  the	  same	  street.	  
3. Information	  overload	  on	  the	  screen	  display	  [UI26.b]	  
Table	  7-­‐3	  Extract	  from	  usability	  problems	  list	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There	   is	  more	   information	  than	  needed	  on	  the	  screen	  –	   information	  overload.	  The	  
user	  will	  struggle	  to	   identify	  the	  required	   information	  and	  associated	  action	  during	  
the	   interaction	   with	   the	   device.	   	   For	   example,	   there	   is	   no	   need	   for	   the	   constant	  
appearance	  of	  a	  GPS	  signal	  indicator	  on	  the	  screen.	  Some	  kind	  of	  alarm	  can	  come	  on	  
the	  screen	  if	  the	  GPS	  signal	  is	  poor.	  	  
The	  last	  two	  usability	  problems	  (number	  [UI42.b]	  &	  [UI4.b])	  identified	  were	  captured	  by	  the	  
empirical	  approach	  only.	  
4. User	  confused	  whether	  a	  wrong	  turn	  has	  been	  taken	  [UI42.b]	  
The	  user	  experiences	  discomfort,	  as	  he	  is	  unsure	  whether	  he	  is	  following	  the	  route	  
correctly.	   Following	   a	   wrong	   turn,	   the	   user	   examines	   the	   device	   to	   understand	   if	  
something	   was	   wrong.	   But	   as	   the	   automatic	   recalculation	   takes	   over	   and	   a	   new	  
route	   produced,	   there	   is	   no	   chance	   for	   the	   user	   working	   out	   if	   something	   went	  
wrong.	  
5. User	  missed	  turn	  in	  the	  roundabout	  [UI4.b]	  
The	  user	  got	  annoyed	  as	  he	  missed	  the	  turn	  in	  the	  roundabout.	  The	  miss	  occurred,	  
although	   he	   was	   very	   attentive	   to	   the	   instructions	   provided	   by	   the	   system,	   while	  
spending	  too	  much	  time	  glancing	  at	  the	  device	  to	  understand	  the	  visual	  instructions.	  	  
This	   part	   of	   the	   analysis	   of	   results	   has	   demonstrated	   that	   different	   kinds	   of	   issues	   were	  
identified	  by	  different	  classes	  of	  approach.	  In	  order	  to	  investigate	  this	  further,	  we	  continue	  
with	  an	  error	  analysis	  in	  the	  subsequent	  analysis.	  
7.3.4 Summary	  
Having	   completed	   the	   systematic	   review,	  we	  now	  have	  a	   list	  of	  usability	   issues	   rigorously,	  
known	  to	  result	  from	  each	  method.	  We	  are	  now	  in	  a	  position	  to	  apply	  different	  analyses	  to	  
that	  list.	  The	  error	  analysis	  of	  the	  usability	  issues	  was	  the	  next	  step	  in	  our	  analysis	  of	  results.	  
We	   looked	   at	   the	   different	   types	   of	   problems	   identified	   by	   each	   class	   of	   approach	   —	  
analytical	  and	  empirical.	  This	  is	  described	  in	  the	  next	  Section.	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7.4 Error	  analysis:	  phenotypes	  &	  genotypes	  	  
7.4.1 Introduction	  
Following	  the	  review	  of	  the	  results	  it	  was	  apparent	  that	  there	  were	  different	  types	  of	  issues	  
identified	  by	  the	  analytical	  versus	  the	  empirical	  techniques.	  The	  types	  of	  issues	  captured	  by	  
analytical	   and	   empirical	   techniques	   vary	   significantly.	   Some	   usability	   problems	   were	  
identified	  by	  both	  classes	  of	  approach	   (analytical	  and	  empirical),	  but	  many	  were	   identified	  
only	   by	   one	   or	   the	   other.	   In	   Section	   7.2	   we	   presented	   a	   set	   of	   usability	   problems	  
representing	  these	  categories	  as	  examples	  of	  the	  kinds	  of	  usability	  problems	  identified.	  	  
One	   important	  aspect	   that	  emerged	  when	   looking	  at	   the	   results	   is	   the	  variability	  between	  
the	   coverage	   of	   results	   reported	   by	   analytical	   and	   empirical	   approaches.	   There	   is	   only	   a	  
small	  overlap	  between	  the	   issues	   identified	  by	  the	  two	  approaches.	  As	  shown	   in	  Table	  7-­‐4	  
the	   vast	   majority	   of	   usability	   problems	   were	   independently	   identified	   by	   one	   class	   of	  
approach	   only	   in	   both	   static	   and	   dynamic	   environments.	   The	   analytical	   approach	   solely	  
identified	  45%	  and	  48%,	  while	  the	  empirical	  approach	  38%	  and	  37%	  of	  the	  overall	  number	  of	  
usability	  issues	  identified	  in	  phase	  1	  and	  2	  respectively.	  
Table	  7-­‐4	  Results	  uniquely	  identified	  by	  classes	  of	  approaches	  






Empirical	  Approach	   38%	   37%	  
Analytical	  Approach	   45%	   48%	  
Overlap	   17%	   15%	  
	  
The	   categorisation	   of	   issues	   using	   phenotypes	   and	   genotypes	   gives	   us	   the	   opportunity	   to	  
present	   a	   case	   for	   the	   kind	   of	   issues	   that	   can	   be	   identified	   by	   each	   class	   of	   approach	   –	  
analytical	   and	   empirical.	   This	   process	   can	   help	   researchers	   compare	   usability	   evaluation	  
methods	  under	  the	  particular	  prism	  of	  error	  analysis.	  Further	  research	  could	  also	   look	   into	  
how	   we	   can	   associate	   phenotypes	   and	   genotypes,	   as	   identified	   by	   different	   classes	   of	  
approach,	  and	  how	  we	  can	  reason	  about	  them	  in	  a	  more	  formal	  way	  as	  proposed	  by	  CREAM	  
(Hollnagel,	  1998).	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7.4.2 Background	  
Our	  first	  detailed	  analysis	  of	  this	  data,	  which	  was	  a	  result	  of	  the	  above	  observations,	  was	  in	  
terms	  of	  phenotypes	  and	  genotypes	  (Hollnagel,	  1993).	  
In	   this	   analysis,	   we	   consider	   human	   behaviour	   in	   terms	   of	   the	   human	   errors	   manifested	  
during	   the	   interaction.	   Human	   errors	   can	   be	   classified	   as	   skill-­‐based	   slips;	   rule-­‐based	  
mistakes;	  and	   knowledge-­‐based	  mistakes.	   This	   classification	   is	   based	   on	   the	   Rasmussen	  &	  
Jensen	   (1974)	   classification	   	  of	  human	  performance	  and	   further	  elicited	  by	  Reason	   (1990).	  
The	  classification	  of	  errors	  into	  such	  categories,	  however,	  does	  not	  necessarily	  provide	  a	  way	  
to	   improve	   the	   usability	   of	   the	   system,	   as	   it	   does	   not	   prescribe	   a	   way	   to	   eradicate	   such	  
errors.	  In	  order	  to	  understand	  better,	  not	  only	  the	  nature	  of	  errors	  but	  also	  their	  underlying	  
cause,	   Hollnagel	   (1993)	   introduced	   the	   concept	   of	   phenotypes	   –	   overt	   and	   observable	  
manifestations	   of	   an	   incorrectly	   performed	   action	   –	   and	   contrasting	   genotypes	   –	   the	  
underlying	   likely	   cause	   which	   eventually	   can	   account	   for	   the	   phenotype.	   Phenotypes	  
describe	   observable	   behaviour,	   while	   genotypes	   are	   concerned	  with	   the	   interpretation	   of	  
such	   behaviour.	   Understanding	   both	   phenotypes	   and	   genotypes	   can	   potentially	   help	   a	  
researcher	  gain	  a	  better	  understanding	  of	  the	  problems	  encountered	  by	  users,	  while	  at	  the	  
same	   time	   provide	   recommendations	   on	   how	   to	   improve	   the	   usability	   of	   the	   system	   by	  
removing	  potential	  causes	  for	  error.	  
7.4.3 Categorisation	  of	  issues	  
By	   analysing	   the	   results	   in	   these	   terms	   it	   becomes	   apparent	   that	   while	   the	   analytical	  
techniques	  mainly	   identified	  usability	  problems	   that	  might	   create	  difficulties	   for	  users,	   the	  
empirical	  data	  demonstrated	  specific	   instances	  of	  user	  behaviour	  where	  users	  experienced	  
such	   difficulties.	   In	   particular,	   the	   usability	   problems	   reported	   by	   the	   empirical	   approach	  
appeared	   to	   be	   associated	   with	   the	   manifestations	   of	   user	   errors,	   while	   the	   usability	  
problems	   reported	  by	   the	   analytical	   approach	   correspond	   to	   the	  underlying	   cause	   of	   such	  
manifestations.	   This	   correspondence	   thus	   relates	   to	   the	   phenotype	   –	   observable	  
manifestations	   of	   an	   incorrectly	   performed	   action	   –	   and	   the	   contrasting	   genotype	   –	   the	  
underlying	  likely	  cause	  (Hollnagel,	  1993,	  Hollnagel,	  1998).	  	  
Process	  
In	  order	  to	  investigate	  in	  detail	  the	  potential	  association	  of	  genotypes	  and	  phenotypes	  with	  
their	  respective	  classes	  of	  approach	  –	  empirical	  and	  analytical,	  the	  author	  and	  two	  additional	  
researchers	   independently	  classified	  the	  merged	  lists	  of	   issues	   identified	  in	  the	  study	  (both	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phase	   one	   and	   phase	   two)	   in	   terms	   of	   genotypes	   and	   phenotypes.	   The	   researchers	   were	  
academics	   with	   experience	   in	   the	   usability	   of	   interactive	   systems.	   The	   researchers	   who	  
participated	  in	  this	  investigation	  were	  not	  involved	  in	  the	  evaluation	  of	  the	  device.	  
The	   experts	   were	   briefed	   about	   genotypes	   and	   phenotypes	   and	   were	   provided	   with	  
appropriate	  examples	  and	  definitions	  as	  provided	  by	  Hollnagel	  (1993).	  Once	  the	  concept	  was	  
explained,	   the	   experts	   were	   given	   the	   set	   of	   usability	   issues	   accompanied	   by	   their	   brief	  
descriptions.	   They	   were	   provided	   with	   the	   complete	   list	   of	   issues,	   as	   identified	   by	   both	  
classes	  of	  approach	  (analytical	  and	  empirical),	  and	  were	   instructed	  to	  classify	  each	  issue	  as	  
being	  a	  phenotype	  or	  as	  a	  genotype.	  This	  list	  did	  not	  hold	  any	  details	  associating	  a	  usability	  
issue	  to	  a	  particular	  technique	  or	  approach.	  
	  
Table	  7-­‐5.	  Extract	  from	  phenotype	  /	  genotype	  analysis	  of	  usability	  problems	  
	   Usability	  Issue	   Analytical	   Empirical	   Expert	  1	   Expert	  2	  
[UI5.a]	   No	  clear	  way	  to	  bypass	  house	  number	  entry	     genotype	   genotype	  
[UI6.a]	   No	  way	  to	  edit	  the	  route	  from	  view	  menu	     genotype	   genotype	  
[UI18.a]	   Invalid	  input	  through	  address	  entry	     phenotype	   phenotype	  
[UI31.b]	   No	  redundancy	  of	  information	  between	  voice	  and	  visual	  modalities	     
genotype	   genotype	  
[UI37.b]	   User	  takes	  wrong	  exit	  in	  roundabout	     phenotype	   phenotype	  
[UI30.b]	   Automatic	  recalculations	  may	  leave	  the	  user	  temporarily	  without	  guidance	     
genotype	   genotype	  
	  
Each	   expert	   went	   through	   the	   list	   and	   associated	   each	   usability	   issue	   in	   the	   list	   to	   either	  
phenotype	  or	  genotype.	  For	  example,	  [UI37.b]	   User	   takes	   wrong	   exit	   in	   roundabout	   (see	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Table	  7-­‐6),	  was	  classified	  as	  a	  phenotype	  by	  both	  experts.	   It	   is	   clear	   that	   the	  driver	   took	  a	  
wrong	  exit	  (manifestation);	  it	  is	  not	  clear	  though	  why	  the	  driver	  took	  such	  a	  course	  of	  action	  
(cause).	   If	   we	   look	   at	   [UI30.b]	   Automatic	   recalculations	   may	   leave	   the	   user	   temporarily	  
without	  guidance,	   the	  experts	   categorised	   it	   as	  genotype.	  This	   issue	  can	  potentially	   create	  
problems	   for	   the	  driver	   (cause);	   however	   this	   does	   not	   describe	   a	   specific	   erroneous	  user	  
action	  that	  might	  result	  (manifestation).	  
Results	  
This	  review	  of	  results	  indicated	  that	  the	  experts	  were	  able	  to	  match	  the	  majority	  (over	  95%)	  
of	   the	   issues	   to	   the	   type	   of	   error,	   as	   we	   had	   hypothesised	   with	   the	   correlation	   between	  
genotypes,	  phenotypes	  and	  their	  classes	  of	  approach	  —	  analytical	  and	  empirical	  respectively.	  
An	   extract	   from	   the	   phenotype/genotype	   analysis	   of	   the	   usability	   results	   can	   be	   seen	   in	  
Table	  7-­‐5.	   The	   first	   three	   rows	  of	   the	   table	  were	  drawn	   from	   the	   first	  phase	  of	   the	   study,	  
while	  the	  three	  last	  rows	  were	  taken	  from	  the	  second	  phase	  of	  the	  study.	  
The	   majority	   of	   issues	   identified	   by	   the	   empirical	   class	   of	   approach	   were	   assigned	   as	  
phenotypes,	   whereas	   the	  majority	   of	   issues	   identified	   by	   the	   analytical	   class	   of	   approach	  
were	  assigned	  as	  genotypes.	  This	  trend	  was	  consistent	  in	  both	  phases	  of	  the	  study	  (see	  Table	  
7-­‐6).	  Further	  work	  is	  needed	  to	  investigate	  the	  overlap	  cases.	  	  
In	   phase	   1,	   phenotypes	   and	   genotypes	   were	   identified	   by	   both	   classes	   of	   approach	   (see	  
Table	   7-­‐6).	   The	   majority	   of	   the	   usability	   issues	   identified	   by	   the	   empirical	   study	   were	  
classified	   as	   phenotypes	   (90%).	   Only	   a	   small	   percentage	   of	   the	   usability	   issues	   from	   the	  
analytical	  part	  of	  the	  study	  were	  classified	  as	  phenotypes	  (16%).	  In	  contrast	  to	  phenotypes,	  
the	   majority	   of	   the	   usability	   issues	   identified	   by	   the	   analytical	   part	   of	   the	   study	   were	  
classified	  as	  genotypes	   (84%).	   Furthermore,	  only	  a	   small	  percentage	  of	   the	  usability	   issues	  
from	   the	   empirical	   part	   of	   the	   study	   were	   classified	   as	   genotypes	   (10%).	   Finally,	   of	   the	  
usability	   issues	   that	  both	  evaluation	  approaches	   (analytical	  and	  empirical)	  discovered,	  60%	  
were	  classified	  as	  phenotypes,	  while	  40%	  were	  identified	  as	  genotypes.	  
Table	  7-­‐6	  Issues	  identified	  as	  phenotypes	  /	  genotypes	  
Phase	  1:	  Static	  Environment	  
	   empirical	   analytical	   both	  
phenotype	   90%	   16%	   60%	  
genotype	   10%	   84%	   40%	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Phase	  2:	  Dynamic	  Environment	  
	   empirical	   analytical	   both	  
phenotype	   88%	   0%	   0%	  
genotype	   12%	   100%	   100%	  
	  
As	   in	  Phase	  1,	   in	  Phase	  2	  the	  majority	  of	  the	  usability	   issues	  from	  the	  empirical	  part	  of	  the	  
study	   were	   assigned	   as	   phenotypes	   (88%),	   while	   a	   small	   percentage	   was	   assigned	   as	  
genotypes	   (12%).	   All	   usability	   issues	   identified	   by	   the	   analytical	  method	  were	   assigned	   as	  
genotypes	  (100%).	  Similarly	  all	  usability	  issues	  picked	  up	  by	  both	  approaches	  were	  classed	  as	  
genotypes.	  	  
There	  was	   an	   interesting	   variance	   in	   the	   distribution	   of	   phenotypes	   and	   genotypes	   in	   the	  
results	   from	   the	   two	   different	   phases	   of	   the	   study.	   In	   Phase	   2,	   the	   analytical	   techniques	  
under	   assessment	   failed	   to	   capture	   any	   usability	   issue	   that	   can	   be	   characterised	   as	  
phenotypes.	  This	  is	  a	  strong	  indication	  that	  analytical	  techniques	  cannot	  identify	  phenotypes	  
due	  to	  the	  dynamic	  –	  location-­‐aware	  context;	  they	  did	  achieve	  some	  coverage	  albeit	  limited	  
in	   the	  Phase	  1	  of	   the	   study.	   Based	  on	   this	   data,	   it	   appears	   that	   the	   scope	  of	   the	   selected	  
analytical	  techniques	  is	  somewhat	  more	  limited	  for	  location-­‐aware	  systems,	  when	  compared	  
to	  non-­‐location	  aware	  systems.	  
Discussion	  
After	  this	  analysis	  was	  complete,	  the	  author	  attempted	  to	  assign	  phenotypes	  to	  genotypes	  
and	   vice	   versa.	   This	   turned	   out	   to	   be	   a	   difficult	   feat.	   Although	   we	   were	   able	   to	   identify	  
several	   manifestations	   of	   user	   difficulties,	   we	   were	   unable	   to	   directly	   pinpoint	   the	  
underlying	   cause;	   we	   could	   only	   speculate	   about	   possible	   candidates.	   For	   example,	   a	  
phenotype	   identified	   in	   the	  study	  was	   issue	  [UI39.a]	   from	  the	  first	  phase	  of	   the	  study	   (see	  
Appendix	   II).	   The	   user	   attempted	   to	  make	   an	   invalid	   entry	   through	   the	   address	   dialogue.	  
There	   are	   several	   genotypes	   that	   can	   be	   potentially	   associated	   with	   this	   issue,	   such	   as	  
inappropriate	  headings,	   inconsistent	   interface	  design,	   grouping	  of	   functions,	   etc.	  Although	  
some	  of	  them	  could	  be	  prospective	  candidates	  it	  is	  not	  easy	  to	  establish	  a	  link	  between	  them.	  
The	  lack	  of	  the	  specific	  underlying	  causes	  prevents	  us	  from	  making	  design	  recommendations	  
in	  order	  to	  remove	  such	  user	  difficulties,	  identified	  as	  phenotypes.	  	  
Relationships	  between	  genotypes	  and	  phenotypes	  could	  eventually	  be	  established	  through	  
further	  experimental	  studies	  examining	  the	  appearance	  (or	  not)	  of	  the	  phenotypes,	  once	  a	  
genotype	   has	   been	   removed	   from	   the	   system.	   However	   this	   would	   be	   a	   very	   time-­‐
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consuming	  approach.	  Another	  approach	  would	   involve	  the	  users	  taking	  part	   in	  the	  analysis	  
by	  querying	  them	  about	  the	  various	  genotypes	  in	  debriefing	  sessions.	  That	  would	  require	  a	  
recall	   of	   all	   users	   at	   a	   later	   time	  when	   the	   analysis	   of	   the	   data	  was	   completed.	   The	  users	  
would	  have	  to	  be	  shown	  a	  video	  record	  to	  remind	  them	  of	  their	  performance;	  at	  that	  point	  
they	   may	   just	   speculate	   about	   the	   causes	   of	   the	   errors	   that	   occurred	   during	   their	  
experimental	  session.	  	  
An	  alternative	  way	  to	  make	  the	  association	  between	  genotypes	  and	  phenotypes	  would	  be	  to	  
use	   a	   self-­‐reporting	  mechanism,	  where	   the	   users	   are	   asked	   to	   record	   any	   error	   that	   they	  
believe	   has	   occurred	   and	   the	   cause	   of	   that	   error	   during	   the	   interaction.	   Even	   in	   this	  
approach	  only	  a	  subset	  of	  usability	  issues	  could	  be	  considered,	  as	  users	  must	  concentrate	  on	  
their	  main	   task.	   Furthermore	   the	   study	   of	   Back	   et	   al.	   (2007)	   showed	   that	   users	   could	   not	  
easily	  recognise	  the	  underlying	  cognitive	  or	  attentional	  causes	  of	  some	  errors.	  Consequently,	  
we	   cannot	   rely	   on	   the	   users	   alone	   to	   provide	   the	   links	   between	   the	   phenotypes	   and	  
genotypes.	  	  
UEMs	   are	   used	   in	   order	   to	   improve	   the	   usability	   of	   a	   system.	   This	   is	   done	   through	   the	  
identification	   of	   usability	   problems	   and	   a	   set	   of	   design	   recommendations,	   which	   are	  
subsequently	   applied.	   We	   have	   seen	   that	   our	   empirical	   study	   mainly	   resulted	   in	   the	  
identification	  of	  phenotypes.	  That	  does	  not	  lead	  directly	  to	  the	  improvement	  of	  a	  system,	  as	  
it	   does	   not	   provide	   causal	   explanations	   needed	   in	   many	   cases	   as	   a	   precursor	   for	  
recommendations	  on	  how	  to	  do	  so.	  	  
An	   alternative	   approach	   should	   be	   followed	   for	   the	   identification	   of	   the	   genotypes.	   As	  
demonstrated	  in	  this	  study,	  the	  analytical	  approaches	  fare	  well	  in	  this	  task.	  The	  coverage	  of	  
results	  collated	  by	  the	  analytical	  techniques	  we	  used	  concentrates	  mainly	  on	  the	  genotypes.	  
Furthermore	   an	   explicit	   part	   of	   some	   of	   the	   techniques	   –	   such	   as	   EMU	   and	   CW	   –	   is	   the	  
identification	   of	   design	   recommendations	   that	   can	   be	   used	   for	   eradicating	   the	   genotypes	  
from	  the	  system	  under	  evaluation.	  	  
Nevertheless,	  this	  does	  not	  reduce	  the	  value	  of	  the	  empirical	  approach.	  Wixon	  (2003)	  argues	  
that	   the	   evaluation	   of	   a	   system	   is	   best	   accomplished	   within	   the	   context	   of	   use	   for	   each	  
system,	  advocating	  a	  more	  exploratory	  approach,	  through	  the	  use	  of	  case	  studies	  and	  user	  
involvement.	  Furniss	  et	  al.	  (2008)	  also	  argue	  that	  demonstrating	  user	  problems	  (phenotypes)	  
is	   a	   significant	   step	   for	   persuading	   design	   teams	   and	   relevant	   stakeholders	   to	   introduce	  
changes	   to	   systems.	   In	   contrast,	   expert	   reports	   (describing	   genotypes)	   can	  be	  more	   easily	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dismissed.	  Thus,	  phenotypes	  might	  be	  used	  for	  persuading	  the	  appropriate	  stakeholders	  as	  
needed,	  while	  genotypes	  can	  help	  the	  design	  teams	  understand	  better	  the	  underlying	  causes	  
and	  help	  them	  offer	  appropriate	  solutions.	  
As	  illustrated	  above	  neither	  of	  the	  two	  approaches	  can	  serve	  as	  a	  panacea	  for	  evaluating	  an	  
interactive	  system.	  Each	  approach	  offers	  different	  insights	  and	  power	  to	  the	  researcher	  and	  
the	   synergy	   of	   their	   combination	   can	   provide	   a	   more	   complete	   approach	   to	   usability	  
evaluation.	  Whilst	  to	  some	  extent	  this	  was	  known	  folk	  wisdom	  of	  practitioners,	  we	  believe	  
this	  to	  be	  the	  first	  study	  to	  demonstrate	  this.	  
In	   the	   next	   section	   we	   continue	   our	   analysis	   by	   applying	   the	   scheme	   of	   Blandford	   et	   al.	  
(2008)	  to	  the	  results	  of	  the	  comparative	  study.	  	  
	  
7.5 Blandford	  et	  al.	  (2008)	  classification	  
7.5.1 Introduction	  
After	  the	  genotype-­‐phenotype	  classification	  was	  completed,	  further	  analysis	  was	  conducted	  
to	  gain	  a	  greater	  understanding	  of	  the	  kinds	  of	  usability	   issues	   identified	   in	  the	  study.	  One	  
way	  to	  do	  this	  is	  to	  explicitly	  classify	  the	  issues	  discovered	  using	  an	  appropriate	  classification	  
scheme.	  The	  aim	  of	   this	   analysis	  was	   to	   scope	   the	   techniques	  under	  assessment,	   examine	  
the	  overlap	  between	  them	  and	   identify	   the	  boundaries,	   strengths	  and	  weaknesses	  of	   their	  
respective	  classes	  of	  approach	  –	  analytical	  vs.	  empirical.	   In	  order	   to	  achieve	   that,	  we	  used	  
the	   classification	   scheme	   used	   in	   Blandford	   et	   al.	   (2008).	   More	   specifically	   however,	   we	  
aimed	  to	  validate	  the	  approach	  of	  Blandford	  et	  al.	  (2008)	  for	  evaluating	  UEMs.	  
7.5.2 Overview	  
As	  discussed	  earlier	  in	  Chapter	  1,	  Blandford	  et	  al.	  (2008)	  carried	  out	  a	  study	  looking	  into	  the	  
scope	  of	  UEMs	  and	  the	  nature	  of	  expertise	  in	  applying	  analytical	  UEMs.	  An	  outcome	  of	  the	  
study	   was	   a	   classification	   scheme,	   where	   usability	   issues	   were	   divided	   into	   a	   set	   of	   five	  
classes.	   These	   classes	   were	   data-­‐driven	   and	   reflect	   the	   particular	   usability	   evaluation	  
methods	  that	  were	  used	  in	  the	  case	  study.	  They	  cover	  an	  extensive	  scope	  of	  usability	  issues.	  
We	  adopted	   this	   classification	   as	  our	   study	   shares	  properties	  with	   that	  of	  Blandford	  et	   al.	  
(2008)	   such	  as	   the	  multimodality	  of	   the	  application	  area	  and	   range	  of	   techniques	   selected	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for	  the	  evaluation.	  Our	  initial	  aim	  was	  to	  validate	  the	  Blandford	  et	  al.	  (2008)	  approach	  to	  the	  
evaluation	  of	  UEMs.	  
The	   classification	   scheme	   by	   Blandford	   et	   al.	   (2008)	   comprises	   of	   five	   different	   classes	   of	  
usability	  problems	  briefly	  presented	  below:	  
(S)	   System	  design:	  This	   class	   includes	   issues	  about	   the	   logical	  design	  of	   the	   system.	   It	   also	  
covers	  issues	  relevant	  to	  task	  structure	  and	  complexity	  and	  safety	  concerns.	  	  
(M)	   User	   misconception:	   This	   class	   includes	   all	   issues	   that	   might	   lead	   the	   user	   to	   having	  
misconceptions	   about	   the	   state	   of	   the	   system,	   because	   that	   system	   does	   not	   present	  
enough	  information	  about	  its	  state	  to	  ensure	  the	  user	  forms	  a	  correct	  belief.	  
(C)	   Quality	   of	   the	   conceptual	   fit	   between	   user	   and	   system:	  This	   class	   covers	   issues	  where	  
there	  are	  differences	  between	  the	  user’s	  mental	  model	  and	  system	  design.	  
(P)	   Physical	   issues:	   This	   class	   describes	   issues	   concerning	   the	   misinterpretation	   of	   user	  
commands	  by	   the	   system,	  while	   the	  user	   is	   trying	   to	   interact	  with	   the	   system.	  The	  user	   is	  
trying	  to	  do	  the	  right	  thing,	  but	  fails	  to	  do	  so.	  
(X)	  Contextual	   issues:	   Finally	   this	   class	   describes	   issues	  pertinent	   to	   the	  physical	   nature	  of	  
the	  device	  and	  the	  way	  it	  is	  used	  in	  context.	  
We	   continue	   in	   the	   next	   section	   with	   a	   description	   of	   the	   process	   followed	   to	   apply	   the	  
classification	   to	   the	   list	   of	   issues	   that	   was	   identified	   by	   both	   analytical	   and	   empirical	  
approaches.	  
7.5.3 Process	  
Two	  researchers	  carried	  out	  the	  classification	  of	  usability	  issues	  independently,	  following	  the	  
process	   that	   we	   describe	   here.	   As	   discussed	   earlier,	   the	   goal	   of	   this	   analysis	   was	   the	  
validation	  of	  the	  Blandford	  et	  al.	  (2008)	  approach	  to	  the	  evaluation	  of	  UEMs,	  as	  we	  want	  to	  
explore	   the	   suitability	   of	   such	   classes	   in	   a	   different	   domain	   to	   the	   original,	   and	   using	   a	  
different	  set	  of	  analytical	  UEMs.	  	  
(a) Firstly,	  we	  explained	  the	  classification	  scheme	  as	  described	  above	  (see	  Section	  7.5.2)	  
to	   both	   researchers	   that	  would	   conduct	   the	   classification.	   The	   introduction	   to	   the	  
method	   included	   a	   description	   of	   the	   classes	   themselves,	   in	   addition	   to	   examples	  
from	  Blandford	  et	  al.	  (2008).	  In	  this	  step	  of	  the	  process,	  we	  needed	  to	  be	  reassured	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that	  the	  researchers	  had	  acquired	  an	  adequate	  grasp	  of	  the	  classes,	  in	  order	  to	  carry	  
out	  the	  analysis.	  
	  
(b) Once	  we	  were	  satisfied	  that	  the	  researchers	  were	  comfortable	  with	  the	  scheme,	  we	  
gave	  them	  all	  the	  usability	  issues,	  as	  collated	  in	  two	  lists	  from	  the	  systematic	  review	  
(see	  Section	  7.3)	  —	  both	  static	  and	  dynamic.	  Table	  7-­‐7	  gives	  an	  extract	  of	  the	  table	  
of	  issues	  that	  was	  shared	  with	  each	  of	  the	  researchers.	  
	  
(c) We	  also	  provided	  to	  the	  researchers	  detailed	  descriptions	  of	  the	  usability	   issues	  —	  
as	   they	   are	   described	   in	   Appendix	   III	   and	   Appendix	   V.	   The	   descriptions	   were	  
necessary	  to	  help	  them	  better	  understand	  each	  issue	  and	  carry	  out	  the	  classification	  
consistently.	  We	  present	  below	  (Table	  7-­‐8)	  an	  extract	  from	  the	  list	  of	  issues	  used	  for	  
the	  classification,	  corresponding	  to	  the	  issues	  identified	  in	  Table	  7-­‐7.	  
Table	  7-­‐7	  Extract	  from	  list	  of	  issues	  used	  for	  classification	  
	   Usability	  Issue	   Class	  	  
[UI9.b]	   User	  takes	  wrong	  exit	  in	  roundabout	    
[UI13.b]	   Infrequent	  /	  lack	  of	  auditory	  instructions	    
[UI35.b]	   Reduced	  visibility	  of	  the	  screen	  (sun	  glare)	    
	  
(d) At	   this	   point	   of	   the	   process,	   each	   researcher	  was	   required	   to	   independently	   fill-­‐in	  
the	  table	  of	  issues	  (extract	  in	  Table	  7-­‐7)	  with	  the	  appropriate	  symbol	  for	  each	  class,	  
i.e.,	   (S)	   System	   design,	   (M)	   User	   misconception,	   (C)	   Quality	   of	   the	   conceptual	   fit	  
between	  user	  and	  system,	  (P)	  Physical	  issues,	  (X)	  Contextual	  issues.	  Each	  issue	  could	  
be	   allocated	   only	   to	   a	   unique	   class.	   The	   researchers	   had	   at	   their	   disposition	   the	  
classification	  scheme	  (see	  Section	  7.5.2),	  the	  lists	  of	  issues	  (extract	  in	  Table	  7-­‐7)	  and	  
their	  associated	  descriptions	  (Table	  7-­‐8).	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Table	  7-­‐8	  Descriptions	  of	  issues	  used	  for	  classification	  
	   Usability	  Issue	  
[UI9.b]	   User	  takes	  wrong	  exit	  in	  roundabout	  
A	   user	   does	   not	   receive	   instructions	   and	  make	  wrong	   turn	   at	   the	   roundabout.	   The	  system	  does	  not	  provide	  with	  the	  last	  minute	  ‘Turn	  now	  instruction’	  that	  the	  driver	  is	  used	  to.	  
[UI13.b]	   Infrequent	  voice	  instructions	  /	  Lack	  of	  auditory	  instructions	  
Another	   concern	   apparent	   in	   the	   interaction	   with	   the	   device	   is	   the	   lack	   of	   voice	  instructions	  coming	  from	  the	  device.	  The	  users	  complain	  that	  they	  don’t	  know	  what	  is	  happening	  with	  the	  system,	  as	  there	  are	  prolonged	  periods	  of	  silence	  where	  the	  user	  is	   unsure	   of	  what	   is	   expected	   to	   be	   done.	   As	   a	   result	   the	   user	   starts	   staring	   at	   the	  device	  for	  extended	  periods	  of	  time,	  in	  order	  to	  establish	  what	  needs	  to	  be	  done.	  
[UI35.b]	   Reduced	  visibility	  of	  the	  screen	  (sun	  glare)	  
As	   identified	   in	   the	  modality	   clashes,	   sunshine	  might	   introduce	   glare	   to	   the	   device	  display,	   making	   it	   very	   difficult	   for	   the	   user	   to	   read	   instructions	   from	   the	   display	  effectively.	  
	  
(e) 	  Once	   this	   process	   was	   completed,	   we	   reviewed	   the	   results	   of	   the	   analysis.	   An	  
extract	  of	  the	  results	  can	  be	  seen	  in	  Table	  7-­‐9.	  The	  consistency	  of	  results	  presented	  
by	  each	  researcher	  was	  extremely	  high	  for	  the	  lists	  of	  issues	  coming	  from	  the	  static	  
phase	   of	   the	   comparative	   study	   —	   over	   80%.	   The	   researchers	   though	   could	   not	  
satisfactorily	  apply	  the	  classes	  for	  the	  issues	  coming	  from	  the	  dynamic	  phase.	  
Table	  7-­‐9	  Extract	  from	  classified	  list	  of	  issues	  
	   Usability	  Issue	   Class	  	  
[UI9.b]	   User	  takes	  wrong	  exit	  in	  roundabout	   M	  
[UI13.b]	   Infrequent	  /	  lack	  of	  auditory	  instructions	   S	  
[UI35.b]	   Reduced	  visibility	  of	  the	  screen	  (sun	  glare)	   X	  
Key:	  (S)	  System	  design,	  (M)	  User	  misconception,	  (X)	  Contextual	  issues.	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7.5.4 Discussion	  
The	  analysis	  carried	  out	  by	  the	  researchers,	  demonstrated	  that	  the	  scheme	  by	  Blandford	  et	  
al.	   (2008),	   could	   be	   successfully	   applied	   in	   a	   different	   domain	   to	   that	   originally	   conceived	  
from,	  as	  well	  as	  when	  using	  a	  different	  set	  of	  analytical	  UEMs.	  We	  have	  seen	  that	  we	  were	  
able	  to	  use	  the	  same	  scheme	  in	  order	  to	  classify	  the	  usability	  issues	  that	  were	  produced	  by	  a	  
different	  set	  of	  UEMs	  when	  applied	  in	  a	  static	  context	  of	  use.	  	  
Table	  7-­‐10	  Comparison	  of	  Blandford	  et	  al.	  (2008)	  vs.	  Comparative	  study	  
	   Blandford	  et	  al.	  (2008)	   Comparative	  study	  










Device	   Robotic	  arm	   Navigation	  device	  
Environment	   Static	   Dynamic	  
Systematic	  review	   Yes	   Yes	  
	  
Nevertheless,	  one	  of	  the	  problems	  encountered	  by	  the	  researchers	  was	  the	  classification	  of	  
each	   issue	  against	  a	  unique	  class,	  due	  to	   the	  complexity	  of	  some.	  Nevertheless,	   they	  were	  
instructed	  to	  classify	  usability	  issues	  based	  on	  their	  primary	  focus.	  The	  researchers	  could	  not	  
fit	   some	   issues	   in	   one	   ‘box’	   however.	   For	   example	   [UI9.b]	   ‘User	   takes	   wrong	   exit	   in	  
roundabout’	  was	  classified	  primarily	  as	  M	  class	  (user	  misconception),	  but	  also	  as	  [S	  	  M],	  i.e.,	  
a	  system	  design	  issue	  that	  can	  lead	  to	  user	  misconception.	  	  
Furthermore,	   the	   application	   of	   the	   scheme	  was	   not	   as	   successful	   for	   the	   results	   coming	  
from	  the	  second	  phase	  of	   the	  study,	  where	  the	  dynamic	  environment	   introduced	  different	  
kinds	  of	  usability	   issues.	  We	  discuss	  these	  kinds	  of	   issues	   in	  Section	  7.6.5.	  Finally,	  although	  
the	  process	  demonstrated	  a	  high	  level	  of	  internal	  validity	  for	  the	  classification	  scheme,	  there	  
were	  differences	  between	  the	  results	  produced	  by	  the	  researchers.	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We	  continue	  in	  the	  next	  Chapter	  with	  the	  presentation	  of	  the	  CoHUM	  framework,	  which	  is	  
an	   extension	   of	   the	   approach	   of	   Blandford	   et	   al.	   (2008),	   where	   we	   address	   the	   issues	  
identified	  here.	  
	  
7.6 CoHUM	  classification	  scheme	  
7.6.1 Introduction	  
As	   discussed	   in	   the	   previous	   section	   (Section	   7.5),	   we	   encountered	   some	   problems	   in	   the	  
application	  of	  the	  classification	  scheme	  of	  Blandford	  et	  al.	  (2008).	  	  To	  address	  some	  of	  these	  
challenges,	  we	  defined	  a	  scheme	  that	  we	  used	  to	  assess	  the	  techniques	  used	   in	  the	  study.	  
The	  scheme	  was	  based	  on	  two	  approaches.	  One	  approach	  stems	  from	  the	  study	  carried	  out	  
by	   Blandford	   et	   al.	   (2008),	   while	   the	   other	   approach	   comes	   from	   the	   HUM	   research	   as	  
reported	  by	  Rukšėnas	  et	  al.	  (2008).	  As	  we	  have	  already	  talked	  about	  the	  work	  of	  Blandford	  
et	  al.	  (2008),	  we	  give	  a	  short	  description	  of	  the	  approach	  of	  Rukšėnas	  et	  al.	  (2008),	  followed	  
by	   a	   presentation	   of	   the	   classification	   scheme	   that	   was	   used	   during	   a	   further	   analysis	   of	  
results.	  
7.6.2 The	  HUM	  framework	  
Rukšėnas	   et	   al.	   (2008)	   present	   a	   formal	   model	   for	   the	   analysis	   of	   human	   behaviour.	   The	  
model	   (see	   Figure	   7-­‐2)	   is	   based	   on	   a	   generic	   user	   model	   (cognitive	   architecture)	  
incorporating	  abstract	  cognitive	  principles	  and	  used	  for	  detecting	  various	  types	  of	  systematic	  
user	  errors	  in	  the	  context	  of	  usability	  and	  task	  completion.	  
	  
It	  was	  derived	  as	  a	  convenient	  way	  of	  structuring	  a	  formal	  verification	   intended	  to	  capture	  
design	  faults	  that	  could	  result	  in	  human	  error.	  Initial	  versions	  of	  the	  architecture	  combined	  
only	  a	  user	  model	  and	  device	  model.	   Interpretation,	  effect	  and	  environmental	  model	  were	  
added	  to	  deal	  with	  issues	  arising	  as	  new	  example	  scenarios	  were	  considered.	  
	  
The	  framework	  distinguishes	  between	  five	  models,	  with	  a	  flow	  of	  interaction	  between	  them:	  
Device	  model:	  This	  model	  describes	  the	  current	  state	  of	  the	  device.	  
	  
Chapter	  7	  
	  	   113	  |	  P a g e 	  
	  
Figure	  7-­‐2	  The	  cycle	  of	  Interaction	  (Rukšėnas	  et	  al.,	  2008)	  
Interpretation:	  The	  interpretation	  model	  is	  an	  abstract	  view	  of	  the	  flow	  of	  information	  from	  
device	   signals	   and	   environmental	   stimuli	   to	   the	   user	   decision	   mechanism.	   A	   user	   may	  
interpret	  signals	  in	  different	  ways	  to	  their	  original	  source	  meaning.	  
User	  Model:	  This	  model	  describes	  the	  current	  state	  of	  the	  user.	  
Environmental	  Model:	  This	  model	  represents	  the	  world	  state.	  
Effect:	  The	  effect	  model	   is	  an	  abstract	  view	  of	  how	  user	  actions	  are	   translated	   into	  device	  
commands.	  
The	   framework	   assumes	   a	   flow	   of	   information	   between	   the	   various	   models.	   The	  
interpretation	   and	   effect	   models	   provide	   the	   necessary	   path	   for	   the	   flow	   of	   information	  
between	   the	   system	   and	   the	   user.	   The	   effect	   model	   describes	   how	   user	   actions	   are	  
translated	  into	  device	  commands	  (e.g.,	  interactive	  systems	  with	  voice	  or	  gesture	  recognition	  
of	  user	   inputs),	  while	   the	   interpretation	  model	   captures	   the	   information	   from	  both	  device	  
and	  environment	  and	  relays	  them	  to	  the	  user	  model.	  	  
We	  continue	  with	  a	  discussion	  on	  CoHUM,	  a	  new	  classification	  scheme	  that	  we	  conceived	  by	  
combining	  the	  work	  of	  Blandford	  et	  al.	  (2008)	  with	  the	  framework	  of	  Rukšėnas	  et	  al.	  (2008).	  
7.6.3 Introduction	  to	  CoHUM	  	  
Overall	   our	   aim	   is	   to	   develop	   a	   stronger	   methodology	   for	   evaluating	   UEMs	   of	   which	   the	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provide	   a	   better	   insight	   into	   the	   capacity	   of	   the	   techniques	   under	   evaluation.	   It	   can	   also	  
provide	  a	  better	  understanding	  of	  the	  usability	  issues	  arising	  from	  the	  application	  of	  a	  UEM.	  
We	  wanted	  a	  way	   to	   assess	  how	   the	  different	  methods	   fare	   in	   the	  different	   categories	  of	  
results,	  and	  what	  was	  the	  scope	  of	  each	  technique.	  	  
The	   use	   of	   such	   a	   classification	   scheme	   (Figure	   7-­‐3)	   gives	   us	   the	   opportunity	   to	   draw	  
comparisons	   to	   other	   studies	   where	   similar	   classification	   schemes	   where	   employed	  
(Blandford	  et	  al.,	  2008).	  This	  can	  enrich	  our	  understanding	  of	  the	  strength	  of	  the	  approach	  as	  
to	  how	  well	  they	  scope	  the	  various	  techniques.	   It	  provides	  further	  guidance	  to	  researchers	  
on	  how	  to	  select	  the	  appropriate	  methods	  when	  designing	  the	  evaluation	  of	  such	  systems.	  
Overview	  
Both	  the	  classification	  scheme	  of	  Blandford	  et	  al.	  (2008)	  	  and	  the	  framework	  of	  Rukšėnas	  et	  
al.	  (2008)	  offer	  elements	  that	  can	  ease	  the	  classification	  of	  usability	  problems.	  They	  offer	  a	  
better	  insight	  into	  the	  various	  techniques	  we	  are	  assessing.	  As	  shown	  in	  the	  previous	  section,	  
the	   approaches	   derive	   from	   different	   research.	   Nevertheless,	   when	   looking	   at	   the	  
classification	   scheme	   and	   the	   framework	   we	   can	   see	   a	   close	   correlation	   between	   the	  
concepts	   handled	   by	   both	   approaches	   —	   although	   they	   were	   conceived	   in	   a	   completely	  
different	   way.	   Blandford’s	   classes	   were	   derived	   from	   empirical	   data	   while	   the	   Rukšėnas’s	  
framework	  came	  from	  a	  formal	  verification	  exercise	  intended	  to	  capture	  design	  faults.	  This	  
observation	   led	   us	   to	   investigate	   how	   by	   combining	   these	   two	   approaches	  might	   give	   us	  
more	  explanatory	  power	  when	  analysing	  our	  data.	  
The	   CoHUM	  model	   (Figure	   7-­‐3)	   combines	   the	   classes	   of	   Blandford	   et	   al.	   (2008)	   with	   the	  
flows	  of	  the	  framework	  (Rukšėnas	  et	  al.,	  2008),	  thus	  creating	  a	  hybrid	  of	  the	  two	  approaches.	  
The	   model	   provides	   usability	   categories	   and	   the	   flow	   of	   interaction	   assisting	   us	   with	   the	  
classification	  process	  and	  better	  understanding	  of	   the	  usability	   issues.	   It	  helped	   identify	   in	  
which	  part	  of	  the	  system	  most	  of	  the	  problems	  arose.	  Most	  importantly	  the	  framework	  can	  
be	  used	  to	  classify	  issues	  and	  assess	  the	  scope	  of	  the	  methods	  used.	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Figure	  7-­‐3	  CoHUM:	  HUM	  based	  classification	  scheme	  
The	  CoHUM	  model	  was	  created	  by	  a	  series	  of	  mappings	  between	  the	  classes	  of	  Blandford	  et	  
al.	   (2008)	  and	  framework	  of	  Rukšėnas	  et	  al.	   (2008).	  The	  System	  Design	  class	   (S)	   is	  mapped	  
onto	  the	  Device	  Model.	  The	  User	  Misconception	  class	   (M)	   is	  handled	  by	  the	   Interpretation	  
Model,	   forming	   the	   receiving	   block	   for	   the	   information	   being	   communicated	   from	   the	  
system	   to	   the	  user.	   The	  Conceptual	   Fit	   class	   (C)	   can	  be	   identified	  with	   the	  User	  Model	   as	  
here	  we	  can	  capture	  the	  current	  state	  of	  the	  user’s	  mental	  model.	  The	  Physical	  Issues	  class	  
(P)	   is	  mapped	  onto	  Effect,	  describing	  the	  interaction	  from	  the	  user	  with	  the	  device.	  Finally,	  
the	  Contextual	   Issues	  class	  (X)	  can	  clearly	  be	   identified	  with	  the	  Environmental	  Model	  as	   it	  
captures	   the	  world	   state,	   i.e.,	  what	   is	  happening	  around	   the	  user.	  We	  have	   introduced	  an	  
additional	   flow	  between	  Contextual	   Issues	   (X)	   and	  Physical	   Issues	   (P)	   to	   examine	  how	   the	  
environment	  can	  influence	  the	  interaction	  with	  the	  device.	  
As	   identified	   by	   the	   application	   of	   CoHUM	   in	   the	   context	   of	   this	   study,	   the	   flow	   of	  
information	  between	   the	  classes	   is	  an	   important	  aspect	  of	  CoHUM.	  The	   flows	  assisted	   the	  
researcher	  to	  gain	  a	  better	  understanding	  of	  each	  usability	  issue	  and	  make	  class	  assignments	  
a	  smoother	  process.	  The	  classification	  helped	  us	  better	  understand	  the	  scope	  of	  each	  UEM	  
and	  how	  their	  limitations	  impact	  the	  kind	  of	  issues	  they	  can	  identify.	  
By	  employing	  this	  approach,	  we	  address	  the	  challenges	  that	  we	  had	  during	  the	  application	  of	  
the	   Blandford	   et	   al.	   (2008)	   classification	   scheme.	   That	   includes	   the	   difficulties	   of	   the	  
researchers	  allocating	  an	  issue	  to	  a	  unique	  class,	  handling	  kind	  of	  issues	  inherent	  in	  dynamic	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We	   discuss	   in	   the	   next	   section	   how	   the	   CoHUM	   scheme	   was	   applied	   and	   the	   kind	   of	  
problems	  that	  researchers	  encountered	  with	  its	  application.	  
7.6.4 Process	  
A	   similar	   process	   was	   followed	   for	   the	   categorisation	   of	   the	   usability	   issues	   as	   in	   Section	  
7.5.3	  for	  the	  Blandford	  et	  al.	  (2008)	  approach.	  The	  classification	  scheme	  was	  applied	  to	  the	  
results	  produced	  by	  both	  phases	  of	  our	  study	  —	  static	  and	  dynamic.	  We	  examined	  how	  the	  
scheme	  handled	   the	   results	   and	  what	   issues	  arose	  during	   its	   application.	   The	   results	  were	  
classified	   independently	   by	   two	   researchers,	   both	  with	   experience	   in	   HCI	   and	   usability	   of	  
interactive	  systems.	  They	  were	  provided	  with	  the	  appropriate	  schema	  (Figure	  7-­‐3)	  and	  given	  
a	  short	  presentation	  of	  what	   it	   is.	  The	  schema	  was	  also	  accompanied	  by	   the	  definitions	  of	  
the	  various	  states	  identified	  and	  some	  examples	  demonstrating	  its	  application.	   	  Finally,	  the	  
researchers	  were	  given	  the	  lists	  of	  usability	  issues	  (see	  Appendix	  III	  &	  Appendix	  V)	  –	  for	  each	  
part	   of	   the	   study	   –	   and	  were	   asked	   to	   assign	   classes	   to	   each	   one	   of	   them,	   following	   the	  
CoHUM	  scheme.	  
7.6.5 Discussion	  
The	   scheme	   was	   applied	   firstly	   to	   the	   results	   of	   the	   static	   phase	   of	   the	   study.	   The	  
classification	  was	  highly	   consistent	  between	   the	   researchers	  and	   showed	   that	  CoHUM	  can	  
effectively	   capture	   the	   usability	   issues	   identified.	   Furthermore,	   there	   was	   an	   increased	  
consistency	   between	   the	   results	   of	   the	   analysis	   as	   reported	   by	   the	   researchers,	   reaching	  
over	  90%.	  By	  making	  the	  classification	  process	  more	  systematic,	  we	  have	  demonstrated	  an	  
increase	  in	  the	  internal	  validity	  of	  the	  classification	  approach.	  
As	   discussed	   earlier,	   the	   researchers	   were	   instructed	   to	   classify	   usability	   issues	   based	   on	  
their	   primary	   focus	   both	   for	   the	   Blandford	   et	   al	   (2008)	   approach,	   as	   well	   as	   the	   CoHUM	  
approach.	   The	   assignment	   of	   usability	   issues	   to	   a	   unique	   class	   was	   a	   concern	   during	   the	  
analysis	  in	  both	  approaches	  due	  to	  the	  complexity	  of	  some.	  CoHUM	  addressed	  this	  concern.	  
As	  a	  result	  the	  flows	  were	  utilised	  to	  demonstrate	  transitions	  between	  classes.	  For	  example	  
[UI9.b]	   ‘User	  takes	  wrong	  exit	   in	  roundabout’	  was	  now	  classified	  as	  [S	  	  M],	   i.e.,	  a	  system	  
design	   issue	   that	   can	   lead	   to	   user	   misconception,	   while	   it	   was	   an	   M	   class	   (user	  
misconception)	   in	   the	   Blandford	   et	   al	   (2008)	   scheme.	   Likewise	   with	   [UI18.b]	   ‘Extraneous	  
voice	  instruction	  at	  critical	  point’	  was	  classified	  primarily	  as	  the	  S	  class	  (system	  design)	  with	  
the	  Blandford	  et	  al	  (2008)	  scheme,	  but	  again	  as	  [S	  	  M],	   i.e.,	  system	  design	  issue	  that	  can	  
lead	  to	  user	  misconception	  with	  CoHUM.	  The	  analysis	  demonstrated	  the	  importance	  of	  the	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flows	   between	   the	   classes	   in	   the	   scheme	   and	   their	   importance	   not	   only	   with	   the	  
classification	  process,	  but	  also	  with	  the	  better	  understanding	  of	  the	  usability	  issues.	  
Although	  the	  scheme	  was	  able	  to	  capture	  certain	  aspects	  of	  the	  usability	  issues,	  it	  could	  not	  
easily	  accommodate	  all	   issues	  and	  different	   flows	   in	  the	   interaction	  that	  can	  be	  found	   in	  a	  
location-­‐aware	  system	  that	  appeared	  in	  our	  data.	  To	  demonstrate	  these	  issues	  (Figure	  7-­‐4)	  
gives	   the	   flows	   in	   the	   interaction	   that	   are	   necessary	   to	   cover	   the	   issues	   identified	   in	   this	  
study.	  	  
	  
As	   discussed	   earlier	   (see	   Section	   7.5.4)	   the	   application	   of	   the	   classification	   schemes	  
identified	  some	  shortcoming	  for	  the	  dynamic	  phase	  of	  our	  comparative	  study.	  As	  a	  result	  we	  
identified	   several	   dimensions	   that	   are	   important	   for	   such	   systems.	   We	   start	   with	   a	  
comparison	  of	   the	  CoHUM	  scheme	  and	   some	  of	   the	  dimensions	  we	   identify	   in	   Figure	  7-­‐4.	  
There	  are	  several	  differences	  in	  the	  flow	  of	  interaction	  as	  shown	  in	  Figure	  7-­‐3	  and	  Figure	  7-­‐4.	  
While	  the	  user	   is	  driving	  using	  such	  a	  navigation	  device,	  there	  is	  only	   information	  provided	  
by	   the	   system	   to	   the	   user	   (Figure	   7-­‐4;	   flow	   (a)),	  who	   is	   not	   expected	   to	   interact	  with	   the	  
device	  –	  as	  there	   is	  a	   legal	  requirement	  not	  to	   interact	  with	  the	  device	  while	  the	  vehicle	   is	  
moving.	   There	   is	   also	   a	   direct	   link	   between	   the	   system	   and	   the	   environment,	   due	   to	   the	  
requirements	   of	   the	   nature	   of	   the	   system	   (Figure	   7-­‐4;	   flow	   (b)).	   Finally,	   there	   are	   clear	  
synchronous	  communication	  channels	  between	  the	  user	  and	  the	  surrounding	  environment	  
(including	  car	  controls)	  (Figure	  7	  4;	  flow	  (c)).	  
Figure	  7-­‐4	  Identifying	  dynamic	  context	  dimensions	  
	  
Chapter	  7	  
	  	   118	  |	  P a g e 	  
We	  present	  an	  account	  of	  some	  of	  the	  issues	  raised	  during	  the	  analysis	  of	  results	  using	  the	  
classification	  scheme	  as	  shown	   in	  Figure	  7-­‐3.	  The	   issues	  were	  derived	   from	  three	  different	  
sources:	  a)	  the	  feedback	  received	  by	  the	  researchers	  applying	  the	  method,	  b)	  the	  scope	  of	  
results	   captured	   by	   the	   scheme	   and	   finally	   by	   c)	   the	   data	   that	   we	   collected	   during	   the	  
empirical	  and	  analytical	  research	  that	  took	  place,	  and	  captured	  in	  the	  discussion	  sections	  of	  
the	   techniques	   in	   Chapter	   5	   and	   Chapter	   6.	   The	   list	   of	   issues	   is	   not	   exhaustive,	   but	  
demonstrates	  the	  major	  issues	  that	  need	  to	  be	  handled	  when	  evaluating	  UEMs	  for	  their	  use	  
for	  location-­‐aware	  systems:	  timing,	  emotional,	  information	  handling,	  and	  system	  mismatch.	  
Timing	  
Timing	  was	  one	  of	   the	  dimensions	  not	   immediately	   captured	  by	   the	   classification	   scheme.	  
The	  scheme	  must	  explicitly	  cover	  situations	  about	   (i)	  when	  users	   receive	   information	   from	  
the	   environment,	   and	   (ii)	   when	   users	   receive	   information	   from	   the	   device.	   The	   latter,	  
especially,	   has	   great	   impact	   on	   the	   quality	   of	   interaction,	   as	   belated	   or	   early	   navigational	  
instructions	   to	   the	   user	   can	   only	   lead	   to	   a	   compromised	   situation.	   This	   dimension	   was	  
captured	   as	   an	   issue	   several	   times.	   For	   example,	   [UI5.b]	  User	   takes	   an	   early	   turn,	   as	   an	  
instruction	  is	  given	  prematurely	  by	  the	  system.	  
Emotional	  
Due	  to	  the	  nature	  of	  interaction	  the	  emotional	  state	  of	  the	  driver	  is	  affected	  by	  the	  quality	  of	  
interaction.	  This	   is	  of	  paramount	   importance,	  due	   to	   the	  safety	   issues	  associated	  with	   this	  
kind	   of	   system.	   Although	   during	   the	   studies,	   we	   observed	   such	   behaviour	   this	   was	   not	  
readily	  captured	  by	  the	  classification	  scheme.	  For	  example,	  one	  of	  the	  participants	  got	  very	  
stressed	  with	  the	  device	  as	  he	  believed	  it	  was	  taking	  him	  to	  the	  wrong	  place	  ([UI44.b]	  User	  
doubts	   the	   reliability	   of	   the	   device).	   Another	   participant	   [UI30.b]	  Automatic	   recalculations	  
may	   leave	   the	   user	   temporarily	  without	   direction,	   got	   so	   stressed	   that	   he	   almost	   gave	   up	  
with	  the	  system.	  As	  he	  exclaimed:	  “You	  can’t	  trust	  these	  systems”.	  
Information	  handling	  
Furthermore,	   as	   it	   can	  also	  be	   seen	   in	   Figure	  7-­‐4	  users	   receive	   information	  both	   from	   the	  
world	   and	   the	   device.	   For	   example,	   they	   receive	   instructions	   from	   the	   device,	   while	   also	  
looking	   at	   road	   signs,	   car	   indicators,	   etc.	   The	   information	   is	   concurrently	   received	   by	   the	  
user	   who	   needs	   to	   synthesise	   it	   and	   take	   appropriate	   action.	   The	   importance	   of	   this	  
dimension	  can	  be	  understood	  for	  example	  with	  [UI26.b]	  Information	  overload	  on	  the	  screen	  
display	  and	  [UI19.b]	  User	  ignores	  the	  pre-­‐announcements	  to	  turns	  or	  additional	  information	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given	   acoustically.	   Both	   issues	   relate	   to	   the	   cognitive	   load	   of	   the	   user	   and	   how	   he	   is	  
compensating	  to	  carry	  out	  the	  main	  task,	  i.e.,	  driving.	  
System	  mismatch	  
Finally,	  during	  the	  analysis	  we	  encountered	  mismatches	  of	  information	  between	  what	  exists	  
in	  the	  world	  and	  what	  exists	  in	  the	  database	  (system).	  This	  has	  an	  impact	  on	  usability	  as	  the	  
system	  may	  provide	  misleading	  information	  to	  users.	  As	  a	  result,	  we	  were	  not	  able	  to	  classify	  
these	   kinds	   of	   issues	   within	   our	   classification	   scheme	   (Figure	   7-­‐3).	   For	   example,	   [UI2.b]	  
Inaccurate	  voice	  in	  roundabout,	  the	  system	  provides	  an	  instruction	  which	  does	  not	  represent	  
the	  correct	  layout	  of	  the	  environment.	  Likewise,	  with	  [UI30.b]	  Automatic	  recalculations	  may	  
leave	  the	  user	  temporarily	  without	  direction,	  usually	  caused	  by	  a	  lack	  of	  good	  GPS	  signal	  or	  
inaccurate	  maps.	  
We	   continue	   in	   the	   next	   section	   with	   the	   presentation	   of	   a	   revised	   CoHUM	   scheme	   —	  
CoHUM2,	  which	   attempts	   to	   address	   some	   of	   the	   issues	   and	   extra	   dimensions	   that	   were	  
identified	  by	  its	  original	  application	  described	  in	  this	  section.	  
7.6.6 CoHUM2	  
As	   discussed	   in	   the	   previous	   Chapter	   (Section	   7.6.5),	   CoHUM	   was	   able	   to	   satisfactorily	  
capture	  most	  of	  the	   issues	  reported	   in	  the	  static	  part	  of	  the	  study.	  Furthermore,	  when	  the	  
researchers	   tried	   to	  use	  CoHUM	   to	   classify	   the	   results	   coming	   from	   the	  dynamic	  phase	  of	  
this	  study,	  several	  problems	  came	  up;	  the	  classification	  scheme	  could	  not	  accommodate	  the	  
demands	  of	  that	  analysis.	  
We	  identified	   in	  Section	  7.6.5	  a	  non-­‐exhaustive	   list	  of	  the	   issues	  that	  need	  to	  be	  tackled	   in	  
order	  to	  make	  feasible	  the	  use	  of	  the	  CoHUM	  scheme	  for	  such	  domains.	  In	  order	  to	  address	  
the	   problems	   identified,	  we	   propose	  modifications	   to	   CoHUM	  by	   incorporating	   the	   issues	  
raised	  during	  the	  analysis	  as	  depicted	  in	  Figure	  7-­‐5.	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Figure	  7-­‐5	  CoHUM2:	  An	  extension	  to	  CoHUM	  classification	  scheme	  
In	  particular	  we	  have	  propose	   the	   introduction	  of	   the	   following	  changes	   to	   the	   scheme	   to	  
address	  the	  issues	  identified	  in	  Section	  7.6.5,	  as	  highlighted	  from	  1	  to	  5	  in	  Figure	  7-­‐5:	  
1. Physical	   issues:	   During	   the	   classification	   of	   the	   issues,	   we	   did	   not	   have	   any	  
assignments	   to	   this	   class.	   We	   have	   greyed	   it	   out	   in	   CoHUM2	   and	   can	   potentially	  
remove	  it	  to	   increase	  simplicity	  of	  the	  scheme	  if	  the	  particular	  class	   is	  not	  relevant	  
for	   the	  domain	  analysed.	   Future	  work	  validating	  CoHUM2	   is	  needed	   to	   investigate	  
this	  issue.	  
2. Timing:	  As	   identified	  earlier	   timing	   is	  a	  key	   issue	   that	  has	  an	   immediate	   impact	  on	  
the	  usefulness	  of	  UEMs.	  As	  you	  can	  see	   in	  Figure	  7-­‐5,	   timing	  needs	  to	  be	  captured	  
explicitly	  between	  the	  flows	  of	  all	  components	  of	  the	  scheme.	  
3. Contextual-­‐User:	  Some	  of	   the	   issues	   classified	  were	  attributed	   to	   information	   flow	  
between	   the	   stimuli	   received	   by	   the	   user	   from	   the	   environment.	   This	   flow	   is	   now	  
represented	   in	   the	   scheme	   to	   facilitate	   the	   capture	   of	   issues	   pertaining	   to	  
information	  handling.	  	  
4. Contextual-­‐System:	  Likewise	  another	  flow	  was	  added	  to	  the	  scheme	  to	  represent	  the	  
need	  to	  capture	   the	   flow	  of	   information	   from	  the	  environment	   to	   the	  system.	  The	  
particular	  domain	  necessitates	  this	  flow,	  as	  the	  environment	  has	  a	  direct	  impact	  on	  
the	  system	  and	  the	  overall	  interaction.	  This	  flow	  enables	  us	  to	  better	  capture	  issues	  
relating	  to	  the	  system	  mismatch.	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5. User:	  One	  of	  the	  issues	  identified	  in	  our	  analysis	  was	  the	  emotional	  aspect	  and	  how	  
it	  can	  be	  covered	  by	  the	  scheme.	  In	  the	  current	  implementation	  of	  CoHUM,	  we	  have	  
grouped	  together	  the	  User	  Misconception	  and	  Conceptual	  Fit	  classes	  and	  we	  expect	  
to	  cover	  this	  kind	  of	  issues	  in	  the	  new	  class	  User.	  
The	   modified	   framework	   can	   potentially	   incorporate	   such	   issues	   that	   enable	   an	   easier	  
classification	   of	   the	   results	   of	   the	   dynamic	   phase	   of	   the	   study.	   As	  we	   have	   not	   reapplied	  
CoHUM2	  to	  this	  set	  of	  results,	  further	  work	  needs	  to	  be	  done	  for	   its	  validation	  and	  further	  
extensions.	  
7.6.7 Summary	  
In	   this	   part	   of	   this	   thesis	   we	   presented	   CoHUM,	   a	   classification	   scheme	   we	   created	   to	  
address	   some	   of	   the	   challenges	   that	   we	   encountered	   when	   applying	   the	   classification	  
scheme	  of	  Blandford	  et	  al.	  (2008).	  That	  includes	  the	  difficulties	  of	  the	  researchers	  allocating	  
an	  issue	  to	  a	  unique	  class,	  as	  well	  as	  the	  internal	  validity	  of	  results.	  
The	  analysis	  of	   results	   from	   the	  dynamic	  phase	  of	   the	   study	  exposed	   some	  problems	  with	  
CoHUM,	  as	  they	  were	  not	  easily	  classified.	  This	  led	  us	  to	  revise	  the	  scheme	  and	  put	  forward	  
CoHUM2	   (Figure	   7-­‐5),	   which	   has	   been	   enhanced	   to	   capture	   the	   issues	   that	   were	   more	  
uniquely	   identified	   from	   the	   dynamic	   phase	   of	   our	   study.	   Further	  work	   needs	   to	   be	   done	  
towards	  validating	  and	  further	  extending	  the	  scheme.	  	  
CoHUM2	  has	  a	  direct	  link	  with	  the	  cognitive	  model	  used	  by	  HUM.	  This	  link	  could	  potentially	  
be	   exploited	   in	   the	   future	   in	   order	   to	   enhance	   the	   evaluation	   process	   through	   the	   use	   of	  
formal	   modelling	   techniques.	   The	   framework	   may	   be	   able	   to	   offer	   guidance	   in	   how	   to	  
enhance	   the	   HUM	  model	   in	   order	   to	   be	   able	   to	   capture	   issues	   relating	   to	   location-­‐aware	  
problems.	  
Finally,	   as	  we	   discussed	   in	   the	   previous	   sections,	   there	   is	   a	   great	   importance	   in	   the	   flows	  
between	  the	  different	  entities	  that	  CoHUM2	  is	  made	  of.	  The	  flows	  we	  identified	  empowered	  
the	  process	  of	  categorising	  the	  issues,	  which	  wasn’t	  possible	  with	  the	  initial	  CoHUM	  model.	  
Further	   research	   is	   needed	   to	   look	   into	   more	   detail	   on	   how	   the	   different	   model	   based	  
questions	  impact	  each	  other	  within	  this	  framework.	  	  	  
We	  continue	  our	  analysis	  of	  the	  results	  with	  a	  discussion	  of	  the	  classes	  of	  approach	  and	  how	  
they	  performed	  in	  the	  different	  phases	  of	  the	  study.	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7.7 Scoping	  of	  the	  UEMs:	  An	  overview	  
In	  each	  of	  the	  phases,	  static	  and	  dynamic,	  there	  were	  clear	  differences	  between	  the	  scope	  of	  
analytical	  and	  empirical	  studies.	  
In	  the	  static	  phase	  of	  the	  study	  we	  examined	  several	  parts	  of	  the	  system,	  identified	  in	  three	  
different	  tasks	  that	  were	  selected	  for	  evaluation	  related	  to	  navigation	  planning.	  During	  the	  
analytical	  evaluation	  we	  concentrated	  on	  the	  steps	  that	  users	  would	  follow	  to	  carry	  out	  the	  
tasks	   in	   the	   relevant	   parts	   of	   the	   interface.	   As	   a	   result,	   the	   issues	   identified	   are	   also	  
concentrated	   in	   the	   pre-­‐selected	   area	   of	   the	   interface.	   By	   contrast,	   during	   the	   empirical	  
evaluation	  users	  explored	  more	  parts	  of	  the	  interface,	  while	  trying	  to	  complete	  their	  tasks,	  
exposing	  themselves	  to	  a	  diverse	  set	  of	  usability	  problems.	  
In	   the	   dynamic	   phase	   of	   the	   study	   we	   assessed	   different	   functionalities,	   identified	   in	  
different	   tasks	   that	   were	   selected	   for	   evaluation	   (see	   Chapter	   6)	   related	   to	   following	   the	  
navigational	  instructions.	  The	  analytical	  evaluation	  was	  carried	  out	  on	  a	  simulation	  that	  was	  
generated	  from	  the	  navigation	  device.	  As	  a	  result	  the	  analytical	  evaluation	  may	  miss	  some	  of	  
the	  usability	  issues	  that	  occurred	  during	  rerouting	  or	  other	  unpredictable	  behaviour.	  	  During	  
the	  empirical	  evaluation	  users	  were	  not	  allowed	  to	  interact	  with	  the	  interface	  of	  the	  device,	  
while	   trying	   to	   complete	   their	   tasks.	   They	  were	  expected	   to	  purely	   follow	   the	   instructions	  
provided	   via	   the	   auditory	   and	   visual	   channels	   and	   interact	   with	   their	   surrounding	  
environment.	   Even	   though	   the	   empirical	   evaluation	   is	   scripted,	   we	   can	   still	   observe	   the	  
reactions	  of	  the	  drivers	  when	  an	  error	  occurs	  or	  they	  deviate	  from	  the	  planned	  route.	  	  
The	  range	  of	   issues	  reported	  by	  each	  method	  varies	  considerably	  as	  shown	  by	  the	  collated	  
results	   (see	   Appendix	   I	   &	   Table	   7-­‐11).	   There	   is	   great	   deal	   of	   overlap	   between	   the	   issues	  
reported	  between	   the	  analytical	   techniques.	  We	  discuss	  next	  how	  the	   individual	  analytical	  
methods	  performed.	  
Cognitive	   Walkthrough	   evaluation	   for	   operating	   procedures	   reports	   a	   series	   of	   issues	  
relating	   to	   feedback,	   consistency	   of	   design,	   labels,	   task	   structure,	   and	   user	   interface	  
navigation.	  It	  also	  reports	  a	  series	  of	  usability	  issues	  that	  might	  lead	  to	  erroneous	  situations.	  
This	   is	   possible	   because	   of	   the	   extensions	   introduced	   to	   the	   technique	   over	   the	   original	  
Cognitive	  Walkthrough	  (Wharton	  et	  al.,	  1994)	  technique.	  As	  both	  CW	  and	  EMU	  share	  a	  task	  
based	   approach	   to	   analysis	   they	   also	   share	   a	   substantive	   number	   of	   common	   usability	  
problems	  found.	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  EMU	   is	   a	   methodology	   specifically	   designed	   to	   capture	   issues	   related	   to	   the	   multimodal	  
aspects	  of	  interactive	  systems.	  Due	  to	  the	  nature	  of	  the	  tasks	  under	  evaluation,	  there	  were	  
only	   a	   very	   limited	   number	   of	   modality	   clashes	   that	   were	   identified	   as	   part	   of	   the	   EMU	  
analysis	   during	   the	   first	   phase.	   Nevertheless	   the	   analysis	   gave	   an	   opportunity	   for	   the	  
researcher	  to	  examine	  the	  system	  from	  a	  different	  perspective,	  resulting	  in	  an	  extensive	  set	  
of	  usability	  problems,	  with	  a	  wider	   scope	  not	   solely	   related	   to	  multimodal	   issues,	  but	  also	  
labelling,	   design,	   and	   interface	   navigation.	   In	   the	   second	   phase	   of	   the	   study	   EMU	   had	   a	  
substantial	   shift	  of	   focus,	  as	   the	  nature	  of	   the	  tasks	  changed	  to	   the	  dynamic	  environment.	  
The	   inclusion	  of	   context	  and	  closer	  examination	  of	   the	  various	  modalities	  allowed	  EMU	  to	  
capture	  a	  set	  of	  usability	  issues	  that	  were	  not	  captured	  by	  either	  CW	  or	  UAN	  (e.g.,	  [UI36.b],	  
[UI37.b],	  [UI38.b]).	  	  
The	  Design	  Guidelines	  used	  were	  drafted	  for	  evaluating	  the	  design	  of	  safety-­‐critical	  systems.	  
Their	  scope	  covers	  satisfactorily	  a	  range	  of	  usability	  problems	  in	  comparison	  to	  CW	  and	  EMU,	  
as	  well	  as	   issues	  relating	  to	  error	  recovery.	  The	  guidelines	  have	  an	  extensive	  coverage	  and	  
performed	  well	   in	  both	  phases	  of	   the	  study.	   In	  the	  first	  phase	  of	   the	  study	  the	  majority	  of	  
the	  problems	  were	  related	  to	  feedback	  and	  consistency	   in	  the	  design.	   In	  the	  second	  phase	  
additional	  categories	  of	  usability	  issues	  such	  as	  information	  redundancy,	  error	  handling	  and	  
context	  of	  use	  were	  also	  added	  to	  its	  list	  of	  findings.	  	  Again	  due	  to	  the	  nature	  of	  interaction	  
in	   the	   second	  phase	  of	   the	   study,	   there	  was	   a	   similarity	   in	   the	   kind	  of	   problems	  between	  
EMU	  and	  DG.	  This	  is	  attributed	  to	  the	  inclusion	  of	  guidelines	  covering	  both	  information	  flow	  
and	  environment	  of	  use	  in	  the	  set	  of	  guidelines.	  	  
UAN	  is	  a	  descriptive	  technique	  for	  the	  specification	  of	  a	  user	  interface.	  Although	  UAN	  is	  not	  
necessarily	   a	   suitable	   technique	   for	   identifying	   usability	   problems,	   the	   specification	   of	   the	  
interface	   enforces	   the	   researcher	   to	   deconstruct	   the	   user	   interface	   and	   identify	   issues	  
hidden	  in	  the	  design	  of	  such	  systems.	  In	  the	  UAN	  analysis	  we	  identified	  mainly	  issues	  related	  
to	   feedback,	   design	   and	   labelling	   of	   the	   interface.	   As	   discussed	   in	   Chapter	   5,	   UAN	  
encourages	   the	   close	   inspection	   of	   all	   design	   aspects	   of	   the	   device,	   as	   part	   of	   the	  
specification	  process.	  This	  helps	  the	  researcher	  to	  gain	  a	  better	  understanding	  of	  the	  system	  
and	  pinpoint	  usability	  issues	  that	  can	  create	  problems	  to	  the	  users.	  
Assessing	  location-­‐awareness	  	  
Another	   finding	  comes	   from	  the	  comparison	  of	  analytical	   results	  between	  the	   two	  phases.	  
Figures	   7-­‐6	   and	   7-­‐7	   show	   the	   coverage	   of	   techniques	   in	   identifying	   usability	   issues.	   EMU	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discovered	   in	   phase	   one	   32%	   and	   in	   phase	   two	   46%	   out	   of	   the	   total	   number	   of	   usability	  
issues	   identified	   in	  each	  phase.	  DG	  discovered	  34%	  and	  46%	  respectively.	  Although	  we	  are	  
not	   interested	   per	   se	   in	   the	   percentages,	   they	   give	   an	   idea	   of	   the	   coverage	   for	   the	  
techniques.	   In	   particular	   the	   results	   for	   EMU	  and	  DG	   suggest	   that	   they	  offer	   an	   improved	  
performance	   in	  a	  dynamic	  rather	  than	  static	  environment,	  due	  to	  their	  explicit	   inclusion	  of	  
the	  environment	  and	  timing	   in	   the	  evaluation	  process.	  Furthermore,	  closer	  examination	  of	  
the	  usability	   issues	   identified	   in	  phase	   two	   shows	   that	  both	   EMU	  and	  DG	  discover	  unique	  
issues.	  	  
	  
Figure	  7-­‐6	  Distribution	  of	  usability	  issues	  
between	  analytical	  techniques:	  (a)	  Phase	  1	  Static	   Figure	  7-­‐7	  Distribution	  of	  usability	  issues	  between	  analytical	  techniques:	  (b)	  Phase	  2	  
Dynamic	  
Table	  7-­‐11	  details	  the	  results	  from	  the	  second	  phase	  of	  the	  study.	  Each	  usability	  issue	  (UI)	  is	  
checked	  against	  the	  techniques	  used	  for	  evaluation.	  A	  detailed	  description	  of	  each	  usability	  
issue	   is	   found	   in	   Appendix	   V.	   Table	   7-­‐11	   also	   includes	   a	   column	   related	   to	   location-­‐
awareness.	   All	   usability	   issues	  were	   assessed	   on	   the	   extent	   they	   depend	   on	   the	   location-­‐
awareness	  of	  the	  device.	  With	  regard	  to	  the	  analytical	  techniques	  the	  issues	  associated	  with	  
location-­‐awareness	  that	  were	  identified	  analytically,	  were	  mostly	  discovered	  either	  by	  EMU	  
or	  DG	  —	  over	  75%	  see	  Table	  7-­‐11.	  There	  is	  thus	  some	  evidence	  about	  the	  scoping	  power	  of	  
EMU	  and	  DG.	  They	  had	  the	  highest	  coverage	  of	  usability	  issues	  in	  general,	  while	  also	  proving	  
to	  be	  the	  most	  valuable	  assets	  in	  identifying	  location-­‐aware	  related	  usability	  issues.	  	  
All	  the	  techniques	  yielded	  better	  results	   in	  the	  dynamic	  phase	  of	  the	  study.	  This	   is	  perhaps	  
unsurprising	  as	  the	  variations	  of	  the	  techniques	  selected	  were	  targeted	  for	  better	  capturing	  
issues	   in	   a	   dynamic	   environment.	   This	  wasn’t	   an	   area	   of	   interest	   for	   this	   study,	   but	   is	   an	  
interesting	  area	  for	  further	  research.	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Table	  7-­‐11	  Usability	  issues:	  Study	  —	  Phase	  2	  (Dynamic)	  
	   	  Usability	  	  Issues	   CW	   UAN	   EMU	   DG	   EMP	   LA	  
[UI1.b]	  	   Inappropriate	  turn	  indicator	  for	  roundabouts	   M	   SR	   M	   M	   	   	  
[UI2.b]	  	   Inaccurate	  voice	  instruction	  in	  roundabout	  	   M	   M	   M	   M	   	   	  
[UI3.b]	  	   Inefficient	  guidance	  in	  roundabout	   	   M	   M	   M	   M	   LA	  
[UI4.b]	  	   	  Insufficient	  instructions	  at	  roundabout:	  Take	  exit	   	   	   	   	   M	   LA	  
[UI5.b]	  	   User	  takes	  an	  early	  turn	  	   	   	   	   	   M	   LA	  
[UI6.b]	  	   User	  uncertain	  about	  entering	  roundabout	   	   	   	   	   M	   	  
[UI7.b]	  	   User	  takes	  wrong	  exit	  from	  Aldgate	  Roundabout	  	   	   	   	   	   M	   	  
[UI8.b]	  	   User	  on	  wrong	  lane	  misses	  exit	  from	  roundabout	  	   	   	   	   	   M	   LA	  
[UI9.b]	  	   User	  takes	  wrong	  exit	  in	  roundabout	   	   	   	   	   M	   LA	  
[UI10.b]	  	   No	  voice	  feedback	  when	  route	  is	  being	  recalculated	   C	   	   	   	   SR	   	  
[UI11.b]	  	   No	  voice	  feedback	  for	  crossing	  a	  junction	   M	   SR	   M	   	   	   	  
[UI12.b]	  	   Non	  informative	  voice	  instructions	  	   M	   	   M	   M	   M	   	  
[UI13.b]	  	   Infrequent	  /	  lack	  of	  auditory	  instructions	   M	   C	   M	   M	   M	   	  
[UI14.b]	  	   Infectiveness	  of	  voice	  instructions	  (noise,	  etc.)	   	   	   M	   	   	   	  
[UI15.b]	  	   Imprecise	  voice	  instructions	   M	   M	   M	   M	   M	   LA	  
[UI16.b]	  	   Timeliness	  of	  auditory	  instructions	   	   	   	   	   M	   LA	  
[UI17.b]	  	   Early	  instructions	  might	  mislead	  user	  	   	   	   M	   M	   	   LA	  
[UI18.b]	  	   Extraneous	  voice	  instruction	  at	  critical	  point	   	   	   SR	   M	   	   	  
[UI19.b]	  	   User	  ignores	  the	  pre-­‐announcements	  to	  turns	  	   	   	   	   	   M	   	  
[UI20.b]	  	   No	   voice/visual	   instruction	   when	   driver	   is	   about	   to	  start	   M	   SR	   M	   M	   	   LA	  [UI21.b]	  	   No	  indication	  of	  final	  destination	   M	   M	   	   	   	   	  
[UI22.b]	  	   Lack	  of	  labels	  	   M	   M	   	   M	   	   	  
[UI23.b]	  	   No	  current	  road	  name	  on	  the	  display	   M	   SR	   	   	   	   	  
[UI24.b]	  	   Next	  road	  name	  field	  location	   M	   M	   	   M	   	   	  
[UI25.b]	  	   Inappropriate	  use	  of	  screen	  space	   M	   M	   M	   	   	   	  
[UI26.b]	  	   Information	  overload	  on	  the	  screen	  display	   SR	   M	   SR	   M	   	   	  
[UI27.b]	  	   Confusing	  turn	  indicators	  	   M	   M	   M	   M	   	   	  
[UI28.b]	  	   Correct	  direction	  of	  the	  car	   C	   	   M	   	   	   LA	  
[UI29.b]	  	   Incorrect	  instruction	  for	  crossing	  a	  junction	   M	   M	   M	   M	   M	   	  
[UI30.b]	  	   Automatic	   recalculations	   leave	   the	   user	   without	  guidance	   C	   	   	   M	   M	   LA	  [UI31.b]	  	   There	  are	  no	  wrong	  turns	  for	  users	  	   C	   	   	   	   	   	  
[UI32.b]	  	   Mismatch	  between	  on	   the	   turn	   indicator	  and	  route	  on	  map	   M	   M	   	   M	   	   	  [UI33.b]	  	   Inconsistency	  in	  next	  road	  field	  	   M	   SR	   	   	   	   	  
[UI34.b]	  	   Lack	  of	  positive	  feedback	   SR	   	   M	   M	   	   	  
[UI35.b]	  	   Reduced	  visibility	  of	  the	  screen	  (sun	  glare)	   	   	   M	   	   	   LA	  
[UI36.b]	  	   Lack	  of	  valid	  GPS	  signal	   	   	   M	   M	   	   LA	  
[UI37.b]	  	   No	  redundancy	  between	  voice	  and	  visual	  modalities	   	   	   M	   M	   	   	  
[UI38.b]	  	   Insufficient	  integration	  with	  the	  environment	   	   	   M	   M	   	   LA	  
[UI39.b]	  	   Protracted	  glances	  on	  the	  device	   	   	   	   	   M	   	  
	  
[UI40.b]	  	   User	  in	  near-­‐miss	  when	  entering	  a	  roundabout	  	   	   	   	   	   M	   	  
[UI41.b]	  	   Wrong	  turn	  on	  junction	   	   	   	   	   M	   	  
[UI42.b]	  	   User	  confused	  over	  rerouting	   	   	   	   	   M	   	  
[UI43.b]	  	   System	  misbehaving	  (resilience)	  	   	   	   	   	   M	   	  
[UI44.b]	  	   User	  doubts	  the	  reliability	  of	  the	  device	   	   	   	   	   M	   	  
[UI45.b]	  	   User	   confused	   on	   what	   is	   expected	   to	   do	   to	   start	  navigating	   	   	   	   	   M	   	  [UI46.b]	  	   User	  confused	  over	  the	  lack	  of	  instructions	   	   	   	   	   M	   	  
Key:	  M:	  Found	  by	  the	  method,	  SR:	  Should	  have	  been	  found	  by	  the	  method;	  	  
C:	  Found	  by	  Craft	  skill;	  LA:	  Location-­‐aware	  issue	  
Chapter	  7	  
	  	   126	  |	  P a g e 	  
7.8 Dimensions	  review	  
In	   Chapter	   2	   we	   discussed	   various	   dimensions	   a	   researcher	   needs	   to	   consider	   before	  
evaluating	   a	   usability	   evaluation	   method.	   These	   dimensions	   should	   also	   be	   individually	  
considered	  when	  choosing	  the	  usability	  evaluation	  method	  for	  a	   location-­‐aware	  system,	  as	  
the	   scope	   of	   results	   is	   dependent	   on	   the	   choice	   of	   the	   appropriate	   techniques.	   Each	  
dimension	  needs	  to	  be	  weighed	  appropriately	  for	  each	  technique	  depending	  on	  the	  type	  of	  
application	  under	  evaluation.	  	  
Each	  of	  the	  dimensions	  identified	  in	  Section	  2.3	  were	  considered	  in	  turn	  when	  applying	  the	  
UEMs	   in	   the	   context	   of	   the	   comparative	   study.	  We	  examine	  briefly	   below	   the	  dimensions	  
with	   regard	   to	   the	   techniques	   selected	   and	   they	   were	   considered	   in	   the	   context	   of	   this	  
comparative	  study:	  
Craft	  skill.	  The	  methodology	  of	  each	  technique	  can	   influence	  the	  use	  of	  craft	  skill	   required	  
during	   the	   evaluation.	   The	   results	   of	   the	   analysis	   show	   that	   CW	   and	   UAN	   are	   more	  
susceptible	   to	   encourage/allow	   the	   researcher	   to	   identify	   issues	   beyond	   the	   scope	   of	   the	  
techniques,	   as	   a	   result	   of	   craft	   skill.	   The	   systematic	   review	   of	   the	   results	   (Section	   7.3)	  
identified	   several	   issues	   that	   were	   reclassified.	   For	   example,	   [UI10.b]	   and	   [UI13.b]	   were	  
initially	   captured	   by	   CW	   and	   UAN	   respectively.	   During	   the	   systematic	   review,	   there	   were	  
both	  attributed	  to	  craft	  skill.	  
Scope.	  Although	  the	  ratio	  of	   issues	  between	  the	  two	  phases	   is	  comparable	  (see	  Figure7-­‐6),	  
the	  analysis	  showed	  a	  significant	  difference	  in	  the	  identification	  of	  location-­‐aware	  issues	  as	  
discussed	  in	  the	  previous	  sections.	  As	  illustrated	  in	  Figure7-­‐7,	  there	  is	  an	  improvement	  in	  the	  
scope	  of	  EMU	  and	  DG	  in	  the	  second	  phase	  of	  the	  study.	  
Task	  Selection.	  The	  same	  tasks	  were	  selected	  within	  each	  phase	  of	  the	  study	  in	  order	  to	  get	  
comparable	   results.	   The	   unpredictability	   of	   the	   empirical	   approach	   in	   the	   2nd	   phase	   can	  
potentially	   provide	   different	   tasks	   between	   analytical	   and	   empirical	   approaches.	   It	   can	  
specifically	  lead	  to	  task	  selection	  a	  researcher	  may	  not	  have	  thought	  of.	  
Context	   of	   use.	   Only	   EMU	   includes	   the	   context	   of	   use	   as	   an	   explicit	   step	   in	   the	   overall	  
methodology.	  Both	  Cognitive	  walkthrough	  for	  operating	  procedures	  and	  DG	  also	  have	  some	  
consideration	   for	   the	   context	   of	   use	   but	   to	   a	   lesser	   extent.	   For	   example	   [UI35.b],	   which	  
refers	   to	   the	   readability	   of	   the	   screen	   because	   of	   the	   screen	   glare	  was	   only	   identified	   by	  
EMU.	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Rigorous	   /	   Structured	   approach.	   Both	   EMU	   and	   Cognitive	   walkthrough	   for	   operating	  
procedures	  offer	  a	   structured	  approach	   to	  usability	  evaluation.	  EMU	  prescribes	  a	   series	  of	  
stages	   that	  need	  to	  be	   followed	   in	  order	   to	  carry	  out	  an	  evaluation.	  CW	   is	   less	  structured,	  
but	  still	  offers	  some	  guidance	  on	  how	  the	  evaluation	  should	  be	  carried	  out.	  
Representation.	  EMU	  and	  UAN	  offer	   representational	   schemes	   to	  codify	  and	  help	  with	   the	  
usability	  evaluation	  of	  the	  system.	  The	  representations	  can	  help	  with	  the	  performance	  of	  a	  
technique	  as	  they	  help	  the	  researcher	  to	  faster	  grasp	  and	  apply	  them	  in	  a	  more	  consistent	  
way.	  	  
Tool	  support.	  None	  of	  the	  techniques	  selected	  offer	  tool	  support	  for	  the	  usability	  evaluation	  
or	  analysis	  of	  the	  results	  produced.	  
Validity	   of	   results.	   As	   discussed	   earlier	   in	   the	   Chapter,	   one	   of	   the	   caveats	   of	   analytical	  
techniques	   is	   the	   internal	   validity	  of	   the	   results.	   This	   is	   always	  an	   issue,	  especially	  when	  a	  
limited	   number	   of	   researchers	   are	   available	   for	   evaluations.	   The	   process	   of	   systematic	  
review	   that	   was	   described	   earlier	   can	   alleviate	   some	   of	   the	   concerns	   for	   the	   validity	   of	  
results.	  
Adding	  dimensions	  
During	  classification	  of	  the	  results	  of	  our	  investigation	  additional	  dimensions	  emerged.	  They	  
are	   mainly	   relevant	   in	   the	   context	   of	   the	   dynamic	   environment:	   timing,	   emotion,	  
information	  handling,	  and	   system	  mismatch,	  as	  we	  discussed	   in	   the	  previous	  sections	   (see	  
Section	  7.6.5).	  	  We	  also	  discussed	  genotypes	  and	  phenotypes	  in	  Section	  7.4.	  
Timing.	   Such	   issues	   were	   occasionally	   (implicitly)	   captured	   by	   EMU	   and	   CW.	   Further	  
extensions	  or	  alterations	  to	  the	  techniques	  are	  needed	  in	  order	  to	  qualify	  for	  such	  issues.	  
Emotion.	  The	  emotional	  state	  of	  the	  user	  and	  how	  it	  can	  affect	  the	  quality	  of	  the	  interaction	  
was	   not	   captured	   explicitly	   by	   any	   method.	   Emotional	   changes	   have	   a	   direct	   impact	   to	  
driving	  behaviour	  and	  road	  safety.	  
Information	   handling.	   EMU	   was	   specifically	   suited	   to	   capture	   the	   flow	   of	   information	  
between	   user,	   system	   and	   environment.	   DG	   also	   captured	   such	   information	   flow	   to	   a	  
limited	  extent.	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System	   mismatch.	   In	   order	   to	   be	   able	   to	   capture	   issues	   in	   this	   category	   both	   the	  
environment	  and	  the	  system	  must	  be	  described	  within	  the	  same	  framework.	  This	  was	  done	  
only	  by	  EMU.	  
Genotypes	   and	   phenotypes.	   “Does	   the	  method	   detect	   genotypes,	   phenotypes,	   or	   both?”.	  
(See	   Section	   7.4).	   These	   analytical	   UEMs	   were	   not	   good	   for	   both	   but	   maybe	   some	   new	  
methods	  could	  be.	  
	  
7.9 Overview	  of	  results	  
As	   presented	   and	   discussed	   in	   this	   Chapter	   the	   analysis	   of	   results	   went	   through	   several	  
stages,	  as	  we	  explored	  different	  angles	  on	  the	  suitability	  of	  the	  techniques	  for	  the	  usability	  
evaluation	  of	  location-­‐aware	  systems.	  
The	   analysis	   of	   phenotypes	   and	   genotypes	   identified	   the	   scope	   of	   the	   empirical	   and	  
analytical	   approaches	   in	   the	   two	   phases	   (see	   Table	   7-­‐6).	   In	   both	   phases	   the	   majority	   of	  
genotypes	  were	   identified	  by	   the	  analytical	   approach.	  One	  of	   the	  potential	  weaknesses	  of	  
the	  analytical	  techniques	  was	   identified	  as	  their	   inability	  to	  capture	  any	  phenotypes	  during	  
the	  second	  phase	  (dynamic).	  Only	  the	  empirical	  techniques	  were	  able	  to	  capture	  phenotypes	  
in	   the	   second	  phase	  of	   the	   study,	   as	   the	  analytical	   techniques	   identified	   solely	   genotypes.	  
Analytical	  and	  empirical	  approaches	  offer	  different	  insights	  and	  power	  to	  the	  researcher	  and	  
the	   synergy	   of	   a	   combined	   approach	   can	   provide	   a	  more	   complete	   approach	   to	   usability	  
evaluation.	  In	  any	  case,	  the	  results	  demonstrate	  the	  ineffectiveness	  of	  the	  selected	  analytical	  
techniques	   to	  capture	  phenotypes	  directly.	  As	  discussed	  here	  and	   illustrated	   in	  Section	  7.4	  
neither	  of	  the	  two	  approaches	  can	  serve	  as	  a	  panacea	  for	  evaluating	  an	  interactive	  system.	  
Each	  approach	  offers	  different	  insights	  and	  power	  to	  the	  researcher	  and	  the	  synergy	  of	  their	  
combination	  can	  provide	  a	  more	  complete	  approach	  to	  usability	  evaluation.	  Whilst	  to	  some	  
extent	  this	  was	  known	  folk	  wisdom	  of	  practitioners,	  we	  believe	  this	  to	  be	  the	  first	  study	  to	  
demonstrate	  this.	  
	  
The	   next	   stage	   of	   the	   analysis	   involved	   the	   categorisation	   of	   usability	   issues.	   The	  
categorisation	  helped	  us	  not	  only	  understand	  better	  the	  system	  under	  evaluation,	  but	  also	  
identified	   the	   scope	   of	   each	   technique	   in	   terms	   of	   the	   variance	   of	   the	   kind	   of	   problems	  
identified.	  To	  aid	  the	  analysis	  we	  used	  a	  single	  classification	  scheme	  (see	  Figure	  7-­‐3)	  in	  both	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phases	  of	   the	  study.	  The	  application	  of	   the	  scheme	  exemplified	  some	  of	   the	  differences	   in	  
the	   analysis	   of	   results	   between	   the	   two	   phases.	   Although	   the	   classification	   scheme	   was	  
successfully	  applied	  for	  Phase	  one	  (static),	  a	  series	  of	  problems	  came	  up	  when	  it	  was	  applied	  
to	  the	  second	  phase	  (dynamic).	  The	  problems	   in	  this	  application	  helped	   identify	  properties	  
(e.g.,	   timing,	   context	   of	   use,	   etc.)	   that	   were	   incorporated	   in	   a	   modified	   version	   of	   the	  
classification	  scheme	  in	  order	  to	  cope	  with	  the	  particular	  application	  area	  of	  location-­‐aware	  
systems	  (see	  Figure	  7-­‐5).	  	  
Finally,	  the	  analysis	  showed	  the	  spread	  of	  usability	   issues	  between	  the	  classes	  of	  approach	  
to	  be	  very	  similar	  between	  static	  and	  dynamic	  contexts	  despite	  the	  differences	  in	  the	  tasks,	  
context	   and	   functionality	   evaluated.	   We	   mainly	   concentrated	   in	   the	   final	   analysis	   on	  
location-­‐aware	  usability	  issues.	  The	  analysis	  of	  results	  showed	  a	  better	  performance	  for	  EMU	  
and	  DG,	  two	  methods	  with	  substantially	  different	  approaches	  to	  evaluation.	  
	  
7.10 Summary	  
In	  Chapter	  7	  we	  analysed	  the	  usability	  issues	  generated	  from	  the	  study	  from	  different	  angles,	  
in	   our	   endeavour	   to	   understand	   better	   the	   scope	   of	   analytical	   techniques	   in	   the	   usability	  
evaluation	   of	   location-­‐aware	   systems.	   Firstly,	   we	   looked	   at	   the	   results	   in	   terms	   of	  
phenotypes	  and	  genotypes,	  and	  the	  kind	  of	  issues	  that	  each	  usability	  approach	  yields.	  	  
We	  continued	  with	  a	  classification	  of	  the	  results	  in	  the	  context	  of	  the	  Blandford	  et	  al.	  (2008)	  
scheme,	   in	   an	   attempt	   to	   better	   capture	   the	  boundaries	   of	   each	   analytical	   technique.	  We	  
showed	  how	  the	  schemes	  work	  for	  the	  static	  part	  of	  our	  study,	  but	  also	  identified	  concerns	  
in	   the	   internal	   validity	   of	   the	   approach.	   Furthermore,	  we	   had	   problems	   applying	   it	   to	   the	  
dynamic	  part	  of	  the	  study.	  	  
In	   order	   to	   overcome	   these	   issues,	   we	   introduced	   the	   CoHUM	   /	   CoHUM2	   classification	  
scheme	  to	  help	  the	  researcher	  better	  understand	  the	  scope	  of	  each	  technique	  and	  use	  it	  as	  a	  
tool	   to	  compare	  the	  suitability	  of	  analytical	  methods.	  We	  have	  shown	  the	  CoHUM	  scheme	  
makes	   the	   process	   more	   systematic.	   Further	   work	   needs	   to	   be	   done	   though	   towards	  
validating	  CoHUM2	  extensions	  for	  coping	  with	  issues	  coming	  from	  the	  dynamic	  phase	  of	  the	  
study.	  	  	  	  
We	  continued	  the	  analysis,	  with	  an	  overview	  of	  the	  scope	  of	  the	   individual	  techniques	  and	  
assessed	   their	   effectiveness	   in	   evaluating	   the	   navigation	   system.	   In	   particular,	  we	   took	   an	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overview	   of	   the	   usability	   issues	   with	   regards	   to	   the	   type	   of	   issues	   identified	   by	   each	  
technique.	  We	  conclude	  the	  Chapter	  by	   looking	  at	  the	  evaluation	  dimensions	  we	  identified	  
in	   the	   literature	   review	   (Section	   2.3)	   and	   suggesting	   additional	   ones	   to	   better	   cater	   for	  
dynamic	  domains.	  	  
In	  the	   last	  stage	  of	  analysis,	  we	  overviewed	  the	  usability	   issues	  with	  regard	  to	  the	  types	  of	  
issues	   identified	  by	  each	  technique,	  as	  well	  as	  an	  assessment	  of	  the	  evaluation	  dimensions	  
that	  we	  presented	  in	  Section	  2.3.	  An	  outline	  of	  the	  analysis	  can	  be	  seen	  in	  Figure	  7-­‐1.	  
In	   the	   next	   Chapter	   we	   present	   a	   general	   overview	   of	   the	   thesis,	   following	   by	   the	   most	  
important	  contributions,	  the	  limitations	  and	  future	  work.	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Chapter	  8. Conclusions	  	  
In	   the	   final	  Chapter	  we	  provide	  a	  summary	  of	   the	  key	   features	  of	   the	   thesis,	  as	   they	  were	  
presented	  in	  the	  preceding	  Chapters.	  This	  is	  followed	  by	  an	  account	  of	  the	  key	  contributions	  
that	  this	  research	  has	  made.	  We	  close	  this	  Chapter	  with	  some	  thoughts	  on	  the	  limitations	  of	  
our	  work	  and	  future	  research	  following	  on	  the	  themes	  and	  results	  that	  are	  reported	  here.	  
	  
8.1 Thesis	  summary	  
We	   presented	   in	   the	   thesis	   our	   methodology	   on	   how	   to	   go	   about	   comparing	   usability	  
evaluation	   methods.	   We	   investigated	   the	   use	   of	   such	   a	   methodological	   approach	   in	   the	  
domain	  of	  mobile	  systems.	  	  
In	  Chapter	  2	  and	  Chapter	  3	  we	   looked	  at	   the	  HCI	   literature.	  We	   looked	   in	  particular	  at	   the	  
various	   evaluation	   dimensions	   that	   a	   researcher	   should	   be	   considering	   when	   evaluating	  
UEMs.	   We	   looked	   at	   these	   dimensions	   in	   the	   context	   of	   this	   thesis	   as	   we	   set	   up	   a	  
comparative	  study	  evaluating	  UEMs.	  In	  Chapter	  3	  we	  looked	  at	  existing	  practices	  to	  perform	  
usability	   evaluation	   of	   location-­‐aware	   mobile	   systems	   (navigation	   systems)	   and	   identified	  
key	  issues	  that	  suggest	  existing	  UEMs	  are	  inadequate	  tools.	  
In	  Chapter	  4	  we	  presented	  the	  methodology	  that	  we	  followed.	  We	  carried	  out	  a	  combined	  
analytical	  and	  empirical	  comparative	  study.	  The	  analytical	  techniques	  (UAN,	  EMU,	  Cognitive	  
Walkthrough	  &	  Design	  guidelines)	  were	  applied	  both	  in	  static	  and	  dynamic	  contexts	  of	  use	  in	  
order	  to	  establish	  their	  suitability	  for	  each	  context.	  The	  results	  of	  the	  analytical	  techniques	  
were	  weighed	  against	  those	  produced	  by	  the	  empirical	  approach	  in	  the	  same	  contexts	  of	  use,	  
in	  order	  to	  measure	  the	  scope	  of	  each	  approach.	  	  
In	  Chapter	   5	  we	   outlined	   in	   detail	   the	   evaluation	   process	   and	   present	   an	   overview	  of	   the	  
results	  of	  the	  first	  part	  of	  the	  study,	  which	  was	  based	  on	  the	  evaluation	  of	  static	  aspects	  of	  
the	   system	   under	   evaluation.	   The	   results	   produced	   by	   each	   class	   of	   approach	   provided	  
different	   insights	  not	  only	  on	  the	  usability	  of	  the	  system,	  but	  also	  on	  the	  different	  kinds	  of	  
issues	   that	   each	   class	   of	   approach	   can	   identify.	   Furthermore,	   the	   empirical	   evaluation	  
assisted	  us	  in	  assessing	  the	  external	  validity	  of	  the	  results,	  while	  identifying	  the	  limits	  of	  the	  
scope	  of	  each	  class	  of	  approach.	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In	  Chapter	   6	   we	   presented	   an	   overview	   of	   the	   results	   of	   the	   second	   part	   of	   the	   study.	   It	  
followed	   a	   similar	   structure	   to	   the	   previous	   Chapter.	   Empirical	   and	   analytical	   approaches	  
were	   again	   applied	   to	   the	   selected	   system.	   The	   tasks	   selected	   in	   this	   part	   of	   the	   study	  
however	  were	  based	  on	  the	  navigation	  of	  a	  car	  using	  the	  guidance	  provided	  by	  the	  system	  in	  
a	  dynamic	  environment.	  As	   in	   the	  previous	  evaluation	  of	   the	  system	   (static),	  we	   identified	  
the	  strengths	  and	  weaknesses	  of	  each	  method,	  but	  also	  focused	  on	  the	  challenges	  that	  the	  
researcher	  faces	  when	  applying	  analytical	  techniques	  and	  when	  running	  empirical	  studies	  on	  
location-­‐aware	   systems.	   We	   investigated	   how	   effective	   and	   efficient	   the	   analytical	  
techniques	   are	   at	   identifying	   issues	   which	   are	   pertinent	   to	   the	   context	   of	   use	   and	   the	  
diversity	  of	   results	   that	  were	   captured	  by	   the	  empirical	   approach.	   Finally	  we	  analysed	   the	  
results	   to	   identify	   the	   properties	   of	   the	  method	   that	  matter	   in	   the	   usability	   evaluation	   of	  
location-­‐aware	  systems.	  
In	  Chapter	  7	  we	  drew	  together	  the	  results	  of	  both	  parts	  of	  the	  study	   in	  order	  to	  scope	  the	  
methods	  and	  assess	  their	  applicability	  for	  location-­‐aware	  systems.	  We	  took	  a	  qualitative	  look	  
at	  the	  kind	  of	  results	  produced	  by	  both	  parts	  of	  the	  study,	  evaluating	  them	  against	  a	  series	  
of	   factors	   including	   craft	   skill,	   context	   and	   cost.	   We	   explored	   the	   variability	   of	   results	  
between	   the	   static	   and	  dynamic	   context	   and	   assessed	   the	   effectiveness	   of	   both	   analytical	  
and	   empirical	   methods	   between	   such	   contexts	   by	   doing	   an	   extensive	   error	   analysis.	   The	  
comparison	  of	  results	  gives	  us	  insight	  about	  the	  differences	  between	  such	  contexts.	  Finally,	  
we	  presented	  a	  new	  framework	  that	  can	  be	  used	  for	  the	  classification	  of	  usability	   issues	  in	  
an	  effort	  to	  assess	  the	  scope	  of	  usability	  evaluation	  methods	  for	  location-­‐aware	  devices.	  
We	  looked	  at	  the	  usability	  issues	  identified	  throughout	  the	  study	  in	  three	  different	  stages	  in	  
Chapter	   7.	   Firstly,	   we	   collated	   the	   usability	   issues	   from	   the	   different	   parts	   of	   the	   study,	  
followed	  by	  a	  systematic	  review	  of	  the	  results.	  In	  the	  second	  stage,	  we	  analysed	  the	  results	  
in	  terms	  of	  genotypes	  and	  phenotypes	  —	  an	  error	  analysis.	  This	  analysis	  provided	  the	  scope	  
of	  the	  methods	  with	  regard	  to	  the	  kind	  of	  errors	  the	  techniques	  identified.	  This	  was	  followed	  
by	  an	  analysis	  of	  the	  results	  in	  the	  context	  of	  the	  classification	  of	  Blandford	  et	  al.	  (2008).	  We	  
then	  introduced	  the	  CoHUM	  classification	  scheme	  that	  we	  designed	  for	  the	  purposes	  of	  the	  
analysis,	  in	  an	  attempt	  to	  better	  capture	  the	  boundaries	  of	  each	  analytical	  technique.	  Finally,	  
in	  the	  third	  stage	  of	  analysis	  we	  overviewed	  the	  usability	   issues	  with	  regard	  to	  the	  type	  of	  
issues	  identified	  by	  each	  technique	  and	  discussed	  the	  trends	  identified.	  We	  concluded	  with	  
the	  analysis	  of	  the	  dimensions	  we	  had	  identified	  for	  the	  evaluation	  of	  UEMs.	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8.2 Contributions	  	  
In	   Chapter	   1	   we	   presented	   the	   research	   question	   for	   this	   thesis.	   “How	   can	   existing	  
approaches	   for	   comparing	   UEMS	   and	   categories	   of	   UEMs	   be	   made	   more	   systematic?	  
Furthermore	  how	  can	  they	  be	  extended	  to	  take	  into	  account	  location-­‐aware	  environments?”	  
In	  this	  section	  we	  present	  the	  overall	  contributions	  to	  the	  body	  of	  knowledge	  and	  examine	  
how	   it	   addresses	   the	   research	  question.	   Firstly,	  we	  discuss	   the	   contribution	   related	   to	   the	  
methodological	  approach	  of	  comparing	  evaluation	  methods.	  We	  continue	  with	  a	  discussion	  
of	   the	   error	   analysis	   approach	   we	   used	   to	   scope	   the	   methods.	   We	   conclude	   with	   the	  
presentation	  of	  CoHUM	  that	  was	  used	  as	  a	  tool	  to	  identify	  the	  different	  kind	  of	   issues	  that	  
could	  be	  captured	  with	  regard	  to	  the	  class	  of	  approach	  —	  dynamic	  and	  static.	  	  
Methodological	  Approach	  
There	  has	  been	  previous	  work	  on	  evaluation	  of	  UEMs.	  Gray	  &	  Salzman	  (1998)	  and	  Blandford	  
et	  al.	   (2008)	   raise	  a	  set	  of	   issues	   in	   their	  critiques	  of	   the	  evaluation	  of	  Usability	  Evaluation	  
Methods	   (UEM).	   Their	   work	   identified	   several	   important	   issues	   including	   (i)	   the	   internal	  
validity	   of	   a	   UEM,	   defined	   as	   the	   extent	   to	  which	   different	   analyses	   of	   the	   same	   system,	  
using	  the	  same	  usability	  evaluation	  method,	  yield	  the	  same	  results,	  (ii)	  the	  skill/craft	  of	  the	  
practitioner	  affecting	  the	  application	  of	  a	  UEM	  and	  (iii)	  the	  appropriate	  balance	  between	  the	  
demands	  of	  a	  representation	  and	  insights	  that	  a	  (semi)-­‐formal	  UEM	  yield.	  	  
Blandford	  et	  al.	  (2008)	  carried	  out	  a	  study	  looking	  into	  the	  scope	  of	  UEMs	  and	  the	  nature	  of	  
expertise	   in	   applying	   analytical	   UEMs.	   They	   followed	   a	   systematic	   review	   of	   the	   results	  
reported	  by	  the	  UEMs	  under	  scrutiny	  to	  establish	  the	  scope	  of	  each	  technique	  and	  address	  
some	  of	  the	  concerns	  when	  assessing	  usability	  evaluation	  methods	  as	   identified	  by	  Gray	  &	  
Salzman	   (1998).	   They	   developed	   a	   methodology	   encompassing	   a	   classification	   scheme,	  
where	  usability	  issues	  were	  divided	  into	  a	  set	  of	  five	  classes.	  These	  classes	  were	  data-­‐driven	  
and	   reflect	   the	  particular	  usability	   evaluation	  methods	   that	  were	  used	   in	   their	   case	   study.	  
However	  this	  methodology	  had	  not	  been	  validated	  on	  any	  other	  data	  sets.	  Furthermore,	   it	  
was	  only	  used	  in	  a	  static	  situation.	  
In	  this	  study,	  we	  applied	  the	  same	  methodology,	  but	  this	  time	  in	  a	  domain	  different	  than	  it	  
was	   originally	   applied	   and	   so	   have	   checked	   the	   validity	   of	   the	   methodology	   —	   it	   was	  
originally	  applied	  for	  a	  controlled	  robot	  arm.	  We	  applied	  the	  approach	  to	  the	  evaluation	  of	  a	  
car	  navigation	  system,	  following	  the	  same	  approach	  for	  both	  static	  (navigation	  planning)	  and	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dynamic	   (navigation	   guidance)	   parts	   of	   the	   system	   (See	   Chapter	   5	   and	   Chapter	   6	  
respectively).	  	  
Our	   contribution	   is	   twofold.	   Firstly,	   our	   application	   of	   the	  methodology	   demonstrated	   its	  
validity	   for	   the	  static	  part	   the	  evaluation.	  We	  were	  able	  to	  satisfactorily	  classify	   issues	   in	  a	  
consistent	  manner	  to	  the	  methodology	  used	  by	  Blandford	  et	  al.	   (2008).	  Secondly,	  we	  have	  
highlighted	  problems	  (see	  Chapter	  7)	  in	  this	  approach	  to	  classifying	  the	  usability	  issues	  in	  the	  
dynamic	  part	  of	  the	  navigation	  system	  prompting	  a	  rethink	  on	  how	  the	  classification	  scheme	  
can	  be	  extended	  for	  better	  coverage.	  
The	   methodology	   used	   was	   consequently	   enhanced	   using	   two	   further	   dimensions	   in	   the	  
analysis	   that	   are	   described	   below:	   phenotype	   and	   genotypes,	   as	   well	   as	   the	   CoHUM	  
framework.	  
	  
Error	  analysis:	  phenotypes	  and	  genotypes	  	  
The	  second	  area	  of	  contribution	  is	  around	  genotypes	  and	  phenotypes.	  There	  has	  been	  a	  long	  
debate	   about	   usability	   evaluation	   methods	   over	   issues	   such	   as	   the	   usefulness	   of	   the	  
different	   techniques,	   and	   specifically	   between	   the	   two	   approaches:	   empirical	   approaches,	  
where	  users	  are	  involved	  or	  analytical	  ones,	  where	  experts	  carry	  out	  the	  evaluation.	  Prior	  to	  
this	   work,	   there	   was	   a	   lot	   of	   folk	   knowledge	   that	   different	   classes	   of	   approach	   identify	  
distinct	  issues.	  Often	  authors	  argue	  that	  a	  particular	  method	  is	  superior	  but	  do	  not	  actually	  
collect	  comparative	  data.	  However,	  no	  one	  has	  performed	  a	   rigorous	  study	   identifying	   the	  
boundaries	  of	  each	  class	  of	  methods.	  
In	   this	   work	   we	   have	   shown	   (see	   Section	   7.3.2),	   in	   a	   rigorous	   way,	   one	   aspect	   of	   how	  
different	   classes	   of	   techniques	   identify	   different	   issues	   in	   the	   particular	   domain.	   Unlike	  
previous	  work	  this	  was	  done	  using	  a	  rigorous	  methodology	  based	  on	  an	  underlying	  cognitive	  
model,	  offering	  explanatory	  power	  and	  reasoning.	  The	  study	  showed	  that	  the	  majority	  of	  the	  
usability	  issues	  from	  the	  empirical	  part	  of	  the	  study	  were	  assigned	  as	  phenotypes,	  while	  the	  
majority	  of	  issues	  from	  the	  analytical	  part	  of	  the	  study	  where	  assigned	  as	  genotypes.	  
Genotypes	  and	  phenotypes	  provided	  the	  framework	  for	  us	  to	  reason	  about	  the	  scope	  of	  the	  
different	  general	  approaches	  –	  analytical	  and	  empirical	  –	  from	  a	  rigorous	  perspective,	  based	  
on	   an	   underlying	   cognitive	   model.	   Using	   the	   constructs	   of	   the	   framework	   we	   devised	   a	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methodology	  on	  how	  to	  categorise	  usability	   issues	  and	   identify	   the	  scope	  of	   the	  classes	  of	  
approach	  and	  the	  individual	  usability	  techniques.	  
Using	   this	   framework	   to	   assess	   the	   scope	   of	   a	   usability	   approach	   has	   also	   an	   impact	   of	  
understanding	   and	   rationalising	   the	   issues	   identified.	   Hollnagel’s	   underlying	   model	  
(Contextual	   Control	   Model)	   of	   phenotypes	   and	   genotypes	   gives	   the	   opportunity	   to	   the	  
researcher	   to	   explore	   the	   link	   between	   the	   phenotypes	   and	   genotypes	   using	   CREAM	  
(Hollnagel,	  1998)	  	  
We	  have	  provided	  new	  evidence	  that	  neither	  of	  the	  two	  approaches	  (analytical	  or	  empirical)	  
can	  serve	  as	  a	  panacea	  for	  evaluating	  an	  interactive	  system.	  Using	  an	  analytical	  or	  empirical	  
approach	  can	  only	  have	  a	  partial	  effect	  on	  the	  overall	  usability	  of	  the	  system.	  Each	  approach	  
offers	  different	   insights	  and	  power	  to	  the	  researcher	  and	  the	  synergy	  of	   their	  combination	  
can	  provide	  a	  more	   complete	  approach	   to	  usability	  evaluation.	   This	   synergy	  of	   techniques	  
and	  /or	  approaches	  can	  be	  explained	  through	  the	  methodology	  demonstrated	  here.	  
CoHUM	  
In	   the	   classification	   scheme	  of	  Blandford	  et	  al.	   	   (2008)	   that	  we	  used	   to	   compare	  UEMs	  an	  
issue	  was	  that	  it	  was	  not	  easy	  for	  the	  researchers	  to	  consistently	  determine	  how	  to	  classify	  
specific	  usability	  problems.	  Given	  the	  classifications	  were	  developed	  in	  a	  data	  driven	  way	  the	  
insight	  gained	  from	  classifying	  an	  issue	  was	  minimal.	  We	  were	  interested	  in	  whether	  a	  model	  
of	  behaviour	  could	  enrich	  the	  use	  of	  such	  a	  classification	  scheme.	  
	  
Rukšėnas	   et	   al.	   (2008)	   present	   a	   formal	   model	   for	   the	   analysis	   of	   human	   behaviour.	   The	  
model	   (see	   Figure	   7-­‐2)	   is	   based	   on	   a	   generic	   user	   model	   (cognitive	   architecture)	  
incorporating	  abstract	  cognitive	  principles	  and	  used	  for	  detecting	  various	  types	  of	  systematic	  
user	  errors	   in	   the	  context	  of	  usability	  and	   task	  completion.	   It	  was	  derived	  as	  a	  convenient	  
way	  of	  structuring	  a	  formal	  verification	  intended	  to	  capture	  design	  faults	  that	  could	  result	  in	  
human	  error.	  However	  it	  was	  never	  intended	  to	  be	  a	  classification	  scheme.	  
	  
Our	  contribution	  is	  to	  propose	  a	  model	  (Figure	  7-­‐3)	  combining	  the	  classes	  of	  Blandford	  et	  al.	  
(2008)	   with	   the	   framework	   of	   Rukšėnas	   et	   al.	   (2008),	   thus	   creating	   a	   hybrid	   of	   the	   two	  
approaches.	  The	  model	  provides	  both	   the	  appropriate	  usability	   categories	  and	   the	   flow	  of	  
interaction	   assisting	   the	   researchers	   with	   the	   classification	   process	   and	   giving	   a	   deeper	  
understanding	  of	   the	  usability	   issues.	   As	  we	  have	  demonstrated	   in	  Section	   7.5,	   the	  model	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can	  be	  used	  to	  gain	  additional	  insight	  into	  the	  usability	  issues	  of	  a	  system	  over	  that	  given	  by	  
a	   method,	   but	   more	   specifically	   given	   the	   theme	   of	   this	   thesis	   can	   be	   used	   to	   more	  
systematically	   classify	   issues	   arising	   and	   so	   more	   systematically	   assess	   the	   scope	   of	  
evaluation	  methods	  being	  compared.	  
We	   have	   presented	   in	   the	   thesis	   a	   methodological	   and	   systematic	   way	   to	   approach	   the	  
evaluation	  of	  UEMs	  (see	  Chapter	  4).	  We	  have	  shown	  the	  problems	  that	  we	  encountered	  with	  
such	   approach	   (see	  Section	   7.5),	   and	  presented	   an	   alternative	   that	   builds	   on	   the	  previous	  
approaches	   to	   make	   them	  more	   systematic	   (see	   Section	   7.6.3).	   We	   also	   investigated	   the	  
issues	   that	   when	   comparing	   UEMs,	   we	   have	   to	   tackle	   in	   the	   context	   of	   location-­‐aware	  
systems.	  We	  have	  identified	  the	  dimensions	  that	  need	  to	  be	  considered	  (see	  Section	  7.8),	  as	  
well	  as	  potential	  extensions	  to	  our	  approach	  (see	  Section	  7.6.6).	  	  
We	   believe	   that	   we	   have	   presented	   here	   some	   important	   elements	   that	   will	   help	   future	  
researchers	  gain	  a	  better	  understanding	  on	  how	  to	  plan	  and	  carry	  out	  an	  evaluation	  of	  UEMS,	  
identifying	  issues	  especially	  with	  regard	  to	  location-­‐aware	  devices.	  There	  are	  though	  several	  
research	  themes	  that	  need	  to	  be	  explored	  further,	  in	  order	  to	  be	  able	  to	  support	  more	  fully	  
the	   evaluation	   of	   location-­‐aware	   systems.	   We	   discuss	   some	   of	   these	   themes	   in	   the	   next	  
section.	  
	  
8.3 Limitations	  &	  future	  work	  
There	  are	  several	  areas	  that	  can	  be	  potentially	  explored	  as	  a	  result	  of	  the	  research	  presented	  
in	  this	  thesis.	  The	  CoHUM2	  framework	  is	  of	  particular	  interest	  for	  further	  work.	  Firstly,	  more	  
work	  needs	  to	  be	  done	  towards	  validating	  CoHUM2,	  following	  the	  extensions	  we	  discussed	  
in	   Section	   7.6.6.	   The	   validation	   process	   will	   help	   further	   enhance	   the	   framework,	   before	  
using	   it	   also	   for	  domains	  other	   than	   location-­‐aware	   systems.	  As	  we	  have	  discussed	  earlier	  
CoHUM2	   is	  partly	  based	  on	   the	  HUM	  model.	   The	  exploitation	  of	   such	  a	   connection	  would	  
provide	   further	   capacity	   for	   CoHUM2	   as	   it	   might	   be	   able	   to	   draw	   further	   on	   the	   formal	  
model.	   Furthermore,	   the	   HUM	   model	   could	   be	   enhanced	   to	   capture	   issues	   pertinent	   to	  
location-­‐aware	  systems	  and	  their	  usability.	  CoHUM2	  could	  also	  be	  augmented	  to	  provide	  a	  
representation	   to	   help	   with	   the	   analysis	   of	   results.	   A	   representation	   scheme	   would	   offer	  
guidance	  to	  the	  researcher	   in	  categorising	   issues	   in	  a	  consistent	  way,	  and	  potentially	  allow	  
the	  capture	  of	  fine	  detail	  about	  usability	  issues.	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The	  work	  done	  on	  phenotypes	  and	  genotypes	   in	  this	  study	  also	  has	  the	  potential	   for	  more	  
exploration.	   In	   particular,	   as	   we	   discussed,	   associating	   phenotypes	   with	   genotypes	   is	   not	  
easy.	   Further	   work	   in	   this	   direction	   would	   allow	   the	   researcher	   to	   link	   issues	   between	  
empirical	  and	  analytical	  approaches	  and	  gain	  a	  better	  understanding	  of	  the	  usability	  of	  the	  
system.	   This	   can	   be	   achieved	   through	   further	   studies	   exploring	   such	   links	   where	   further	  
empirical	  and	  analytical	  tools	  such	  as	  CREAM	  (Hollnagel,	  1993)	  can	  be	  used.	  
In	  the	  course	  of	  this	  study	  we	  assessed	  various	  dimensions	  on	  the	  usability	  of	  the	  techniques	  
and	  how	  they	  fare	  in	  the	  usability	  of	  location-­‐aware	  systems.	  Further	  studies	  of	  such	  systems	  
may	   identify	   additional	   requirements	   of	   the	  methodology	   to	   evaluate	   usability	   evaluation	  
methods	  that	  are	  necessary	  for	  location-­‐aware	  systems.	  That	  could	  form	  the	  basis	  for	  design	  
and	  development	  of	   such	   a	  method	   that	   could	  potentially	   bridge	   the	   gap	  and	   so	  enhance	  
such	  an	  approach.	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Appendix	  I. Applying	  EMU	  in	  a	  static	  environment	  extract	  
Stage	  1:	  Define	  the	  task	  that	  is	  to	  be	  analysed	  
The	   tasks	   selected	  have	  been	  adjusted	   to	  conform	  with	   the	  scenario	  used	   in	   the	  empirical	  
evaluation	  of	  the	  navigation	  device,	  in	  order	  to	  get	  comparable	  results.	  
The	  tasks	  selected	  cover	  two	  phases	  of	  the	  use	  of	  navigation	  devices:	  	  (i)	  planning	  the	  route	  
and	  (ii)	  following	  the	  route.	  
The	  following	  tasks	  will	  be	  analysed:	  
Task	  1:	  	  Program	  the	  device	  to	  reach	  the	  city	  centre	  of	  Leeds.	  






NG1	  6AF	  	  
Task	  3:	  Check	  the	  route	  to	  see	  if	  you	  are	  using	  M621.	  If	  you	  do,	  program	  the	  device	  to	  
avoid	  this	  part	  of	  the	  route.	  
Stage	  2.	  Modality	  lists	  
User	  modalities:	  
User	  looking	  the	  device:	  	  
• UR	  vis-­‐sym-­‐cont	  
• UR	  vis-­‐sym-­‐dis	  
• UR	  vis-­‐lex-­‐cont	  
• UR	  vis-­‐lex-­‐dis	  
	  
User	  interacting	  with	  the	  device:	  
• UE	  hap-­‐lex-­‐dis	  
• UE	  hap-­‐sym-­‐dis	  
• UR	  aco-­‐lex-­‐dis	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System	  modalities:	  
System	  display:	  
• SE	  vis-­‐sym-­‐cont	  
• SE	  vis-­‐sym-­‐dis	  
• SE	  vis-­‐lex-­‐cont	  
• SE	  vis-­‐lex-­‐dis	  
	  
• SR	  hap-­‐lex-­‐dis	  
• SR	  hap-­‐sym-­‐dis	  
	  
Other:	  
• SE	  aco-­‐lex-­‐dis	  
	  
Granularity	  
The	  interaction	  sequence	  will	  be	  analysed	  at	  a	  low	  level,	  where	  a	  high	  number	  of	  modalities	  
is	  used	  to	  describe	  step-­‐by-­‐step	  the	  interaction	  with	  the	  navigation	  device.	  
Stage	  3.	  Define	  the	  user,	  system	  and	  environment	  profiles	  
User	  profile:	  
The	  users	  of	  the	  system	  will	  be	  car	  drivers,	  who	  have	  little	  or	  no	  experience	  of	  the	  particular	  
or	  similar	  navigation	  systems.	  We	  assume	  that	  they	  have	  some	  experience	  using	  computers.	  
System	  profile:	  
The	   system	   chosen	   for	   analysis	   is	   an	   in-­‐car	   navigation	   system.	   Navigation	   systems	  
increasingly	  become	  standard	  equipment	   in	  motor	  vehicles.	  Their	  usability	   is	  an	   important	  
factor,	   as	   badly	   designed	   systems	   can	   induce	   errors	   resulting	   in	   situations	   where	   driving	  
safety	  is	  compromised.	  Although	  manufacturers	  suggest	  that	  the	  users	  must	  read	  the	  entire	  
manual	  before	  operating	  such	  navigation	  systems,	  it	  is	  often	  the	  case	  that	  they	  are	  used	  by	  
drivers	  as	  walk-­‐up-­‐and-­‐use	  devices.	  	  
The	  navigational	  device	  selected	  for	  this	  study	  utilises	  the	  TomTom	  Navigator	  5	  application	  
running	  on	  an	  HP	   iPAQ.	  The	  user	  can	  manipulate	  the	  application	  through	  the	  touch	  screen	  
display	   of	   the	   device,	   in	   order	   to	   set-­‐up	   an	   itinerary.	   The	   device	   offers	   visual	   and	   voice	  
instructions	  to	  the	  user	  in	  order	  to	  follow	  this	  itinerary.	  It	  also	  supports	  a	  3D	  navigation	  view,	  
which	  allows	  the	  driver	  to	  see	  the	  current	  position	  better,	  much	   in	  the	  same	  way	  that	  you	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would	   see	   the	   real	   world.	   Its	   manufacturers	   claim	   that	   it	   is	   particularly	   helpful	   when	  
navigating	  junctions	  and	  roundabouts.	  
The	  system	  offers	  the	  basic	  functionality	  that	  can	  commonly	  be	  found	  in	  navigational	  devices,	  
such	   as	   looking	   up	   and	   navigating	   to	   an	   address	   or	   points	   of	   interest,	   re-­‐routing	   and	  
selecting	  alternative	  routes.	  The	  navigation	  application	  runs	  on	  the	  iPAQ	  touch	  screen,	  which	  
is	  connected	  wirelessly	  via	  Bluetooth	  to	  a	  GPS	  antenna.	  	  
Environment	  profile:	  	  
It	   is	   Saturday	  morning	   and	   you	   are	   about	   to	   begin	   on	   a	   short	  weekend	   trip	   to	   the	   city	   of	  
Leeds.	   In	   order	   to	   have	   a	   break	   during	   the	   journey	   you	   will	   have	   a	   quick	   stopover	   in	  
Nottingham	  to	  have	  something	  to	  eat.	  You	  have	  also	  received	  information	  that	  there	  might	  
be	  traffic	  on	  the	  way.	  You	  need	  to	  avoid	  any	  congested	  roads.	  
You	  are	  already	  in	  your	  car,	  ready	  to	  go	  and	  you	  are	  about	  to	  use	  your	  navigation	  device	  to	  
take	   you	   there.	   Having	   connected	   the	   device	   to	   the	   power	   outlet,	   you	   switch	   it	   on	   and	  
launch	  the	  Tom	  Tom	  application	  on	  your	  iPAQ	  device.	  
The	  environment	  of	  use	   is	   the	   interior	  of	   a	   car.	   The	  device	   is	   attached	   to	   the	   car	   (holding	  
base)	   or	   is	   being	   held	   by	   the	   driver.	   The	   car	   is	   stationary	   whilst	   the	   driver	   attempts	   to	  
program	  the	  device.	  The	  device	  receives	  information	  from	  a	  GPS	  receiver	  in	  order	  to	  operate.	  
Stage	  4.	  Profiles	  compared	  to	  modality	  listings	  
	  
User	  profile	  compared	  with	  System	  modalities:	  	  
There	  are	  no	  obvious	  discrepancies.	  
System	  profile	  compared	  with	  User	  modalities:	  
There	  are	  no	  obvious	  discrepancies.	  
Environment	  profile	  compared	  with	  user	  and	  system	  modalities:	  
There	  are	  no	  obvious	  discrepancies.	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Stage	  5.	  Interaction	  modality	  listing	  
Task	  1	  
Task	  description:	  Program	  the	  device	  to	  reach	  the	  city	  centre	  of	  Leeds.	  
Task	  (1)	  
• Go	  to	  the	  menu	  
• Select	  ‘City	  centre’	  
• Type	  in	  ‘Leeds’	  
• Select	  Leeds	  (West	  Yorkshire)	  
• Review	  map	  and	  select	  ‘done’	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Task	  1.1:	  Go	  to	  the	  menu	  
	  
	  
Figure	  Appendix	  I-­‐1	  Lab-­‐based	  experiment	  
	  Main	  navigation	  screen	  
	  
	   Display	   Vocal	  Instructions	  
1. 	  [SE	  vis-­‐sym-­‐dyn]	  
*system	  displays	  map*	  
and	  
[SE	  vis-­‐sym-­‐dyn]	  
*arrow	  moving	  on	  map*	  
and	  
[SE	  vis-­‐sym-­‐dyn]	  
*GPS	  signal	  indicator*	  
and	  
[SE	  vis-­‐lex-­‐dyn]	  
*current	  road	  information	  strip*	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Precon	  
[SE	  vis-­‐sym-­‐dyn]	  




*user	  scans	  map*	  
Or	  
[UR	  vis-­‐sym-­‐dyn]	  
*[user	  looks	  at	  gps	  information]	  
	  
2. 	  [UE	  hap-­‐sym-­‐dis]	  
*user	  touches	  the	  map*	  
[SR	  hap-­‐sym-­‐dis]	  
*user	  touches	  the	  map*	  
[SE	  vis-­‐sym-­‐dis]	  
*map	  	  feedback	  by	  the	  system*	  
[UR	  vis-­‐sym-­‐dis]	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Stage	  6.	  Add	  in	  clashes,	  etc.	  
We	  will	  discuss	  briefly	  below	  the	  expected	  impact	  of	  the	  environment	  &	  and	  the	  interaction	  
device	  on	  the	  modalities	  and	  the	  clashes	  that	  are	  expected	  to	  occur.	  
Physical	  clashes	  
As	   the	   application	   is	  manipulated	   through	   the	   touch	   screen	   of	   an	   iPAQ	   device,	   there	   is	   a	  
potential	  for	  some	  physical	  clashes.	  In	  stage	  5	  we	  defined	  a	  set	  of	  modalities	  where	  the	  user	  
receives	   feedback	   from	   the	   system	   ([UR	   vis-­‐sym-­‐dis]).	   It	   is	   highly	   probable	   that	   at	   some	  
instances	  the	  feedback	  will	  not	  be	  visible,	  as	  the	  user	   is	  covering	  with	  his/her	  hand	  part	  of	  
the	  interface.	  	  
The	  size	  of	  the	  screen	  is	  also	  a	  potential	  problem.	  The	  information	  displayed	  in	  some	  screens	  
might	  not	  be	  easily	  readable	  by	  some	  people	  with	  eyesight	  problems,	  as	  in	  many	  instances	  
the	   icons	  or	  text	  messages	  are	  miniscule.	  The	  size	  of	   the	  screen	  has	  also	  an	   impact	  on	  the	  
size	  of	  the	   interactive	  object,	  e.g.,	  button	  sizes.	  This	  makes	  the	  use	  of	  the	  virtual	  keyboard	  
quite	  cumbersome,	  especially	  in	  conjunction	  with	  its	  unintuitive	  layout.	  
Another	   important	   physical	   clash	   will	   be	   created,	   while	   the	   user	   is	   driving	   following	   the	  
instructions	  of	   the	  navigation	  device,	  as	   the	  user’s	   time	  vision	  will	  be	  divided	  between	  the	  
modalities	  of	  the	  outside	  environment	  and	  the	  display	  of	  the	  navigation	  device.	  
Finally	  the	  location	  of	  the	  device	  in	  the	  car	  has	  a	  further	  ramification.	  The	  driver	  should	  have	  
easy	   access	   to	   the	  device	   in	  order	   to	  minimise	   the	   impact	  on	   the	  haptic	  modalities,	  while	  
direction	  of	  the	  sun	  and	  the	  proximity	  to	  the	  driver	  might	  have	  an	  impact	  on	  the	  readability	  
of	  the	  device	  and	  the	  effectiveness	  of	  the	  visual	  modalities.	  	  Excessive	  noise	  caused	  either	  by	  
music	   devices	   or	   from	   the	   surrounding	   environment	   will	   have	   an	   impact	   on	   the	   acoustic	  
modalities.	  	  
Semantic	  clashes	  
There	  is	  also	  a	  series	  of	  probable	  semantic	  clashes	  that	  are	  expected	  in	  the	  interaction.	  Some	  
are	   attributed	   to	   the	   inappropriate	   labelling	   of	   the	   functionalities	   available	   through	   the	  
device.	  
More	  clashes	  will	  occur	  as	  the	  driver	  receives	  instructions	  from	  the	  modalities	  of	  the	  system	  
that	  contradict	  the	  modalities	  received	  from	  the	  surrounding	  environment.	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Stage	  7.	  Assess	  the	  use	  of	  modalities	  
In	  the	  current	  part	  of	  the	  study	  we	  have	  covered	  only	  part	  of	  the	  interface.	  In	  this	  part	  of	  the	  
interface	  we	  have	  mainly	  identified	  various	  haptic	  and	  visual	  modalities.	  It	  is	  quite	  probable	  
that	  the	  use	  of	  more	  acoustic	  modalities	  could	  have	  improved	  the	  interactive	  experience,	  by	  
providing	  shortcuts	   to	   the	   functionality	  of	   the	  device.	  For	  example	  voice	  based	   interaction	  
could	  complement	  the	  interaction,	  in	  an	  effort	  to	  cut	  down	  on	  9	  multiple	  steps	  required	  to	  
program	  the	  device.	  
Stage	  8.	  Final	  report	  	  
	  
In	  this	  stage	  of	  the	  report	  a	  detailed	  analysis	  of	  all	  issues	  is	  documented.	  	  
.	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Appendix	  II. Usability	  issues	  from	  phase	  1:	  static	  
	   Usability	  issues	   CW	   UAN	   EMU	   DG	   EMP	  
[UI1.a]	   Inadequate	  feedback	  for	  selections	   M	   M	   	   	   	  
[UI2.a]	   Inappropriate	  use	  of	  'Done'	  button	   M	   	   	   	   	  
[UI3.a]	   Little	  feedback	  when	  route	  is	  recalculated	   M	   M	   	   	   	  
[UI4.a]	   Automatically	  removing	  spaces	  from	  postcodes	   M	   	   M	   	   	  
[UI5.a]	   Feedback	  not	  always	  visible	  by	  the	  user	  (covered	  by	  hand)	   	   	   M	   	   	  
[UI6.a]	   No	  confirmation	  when	  editing	  route	   	   	   M	   	   	  
[UI7.a]	   Overloaded	  with	  unnecessary	  information	  on	  summary	  page	   	   M	   M	   	   	  
[UI8.a]	   Unsuitable	  flashing	  feedback	   	   M	   M	   	   	  
[UI9.a]	   Design	  of	  some	  pages	  is	  radically	  different	   M	   	   	   M	   	  
[UI10.a]	   Extraneous	  pieces	  of	  information	  on	  route	  map	  screen	   	   	   	   M	   	  
[UI11.a]	   Inappropriate	  use	  of	  'Cancel'	  button	   M	   	   	   M	   	  
[UI12.a]	   Inconsistent	  colour	  scheme	  within	  menus	   M	   	   	   M	   	  
[UI13.a]	   Navigational	  instructions	  start	  automatically	   	   	   	   M	   	  
[UI14.a]	   No	  easy	  way	  to	  undo	  a	  selection	  	   	   	   	   M	   	  
[UI15.a]	   No	  feedback	  during	  list	  generation	   M	   M	   	   M	   	  
[UI16.a]	   Non	  standard	  keyboard	  layout	   M	   M	   	   M	   	  
[UI17.a]	   Unintuitive	  icons	  and	  associated	  labels	   	   M	   	   M	   	  
[UI18.a]	   Confusion	  over	  interactivity	  of	  list	  items	   	   	   M	   M	   	  
[UI19.a]	   Difficulty	  to	  recover	  from	  errors	   	   	   M	   M	   	  
[UI20.a]	   Inappropriate	  headings	  in	  menus	   M	   M	   M	   M	   	  
[UI21.a]	   Inappropriate	  labelling	  &	  grouping	  of	  icons	   M	   M	   M	   M	   	  
[UI22.a]	   Little	  feedback	  about	  the	  current	  location	  in	  the	  system	   M	   	   M	   M	   	  
[UI23.a]	   No	  backtracking	  from	  several	  screens	   M	   	   M	   M	   	  
[UI24.a]	   No	  clear	  feedback	  after	  selections	   M	   M	   M	   M	   	  
[UI25.a]	   There	  is	  no	  escape	  from	  postcode	  entry	  menu	   M	   	   M	   M	   	  
[UI26.a]	   Capture	  error	  with	  'Done'	  button	   	   	   	   	   M	  
[UI27.a]	   Confusion	  between	  back	  and	  backspace	   	   	   	   	   M	  
[UI28.a]	   Confusion	  over	  advanced/itinerary	  functionality	   	   	   	   	   M	  
[UI29.a]	   Confusion	  over	  'Avoid	  roadblock'	  functionality	   	   	   	   	   M	  
[UI30.a]	   Confusion	  over	  'calculate	  alternative'	  functionality	   	   	   	   	   M	  
[UI31.a]	   Confusion	  over	  route	  automatic	  recalculations	   	   	   	   	   M	  
[UI32.a]	   Confusion	  over	  use	  of	  route	  demo	   	   	   	   	   M	  
[UI33.a]	   Difficulty	  with	  locating	  'City	  Centre'	  functionality	   M	   	   	   	   M	  
[UI34.a]	   Difficulty	  with	  'Map	  segment'	  functionality	   	   	   	   	   M	  
[UI35.a]	   Difficulty	  with	  use	  of	  maps	   	   	   	   	   M	  
[UI36.a]	   Inability	  to	  modify	  route	  from	  route	  menu	   M	   	   	   	   M	  
[UI37.a]	   Incomplete	  task	  although	  the	  users	  believes	  otherwise	   	   	   	   	   M	  
[UI38.a]	   Incorrect	  selection	  due	  to	  screen	  update	  delay	   M	   	   	   	   M	  
[UI39.a]	   Invalid	  input	  through	  address	  entry	   	   	   	   	   M	  
[UI40.a]	   Postcode	  through	  address	   	   	   	   	   M	  
[UI41.a]	   Search	  in	  incorrect	  city	   	   	   	   	   M	  
[UI42.a]	   Typing	  error	   	   	   	   	   M	  
[UI43.a]	   Typing	  error	  due	  to	  screen	  update	  delay	   	   	   	   	   M	  
[UI44.a]	   Uncertainty	  before	  city	  selection	   	   	   	   	   M	  
[UI45.a]	   Undo	  previously	  completed	  tasks	   	   	   	   	   M	  
[UI46.a]	   User	  confused	  over	  missing	  route	   	   	   	   	   M	  
[UI47.a]	   User	  missed	  information	  when	  scanning	  list	   	   	   	   	   M	  
[UI48.a]	   Wrong	  city	  selection	   	   	   	   	   M	  
[UI49.a]	   Wrong	  mode	   	   	   	   	   M	  
[UI50.a]	   Confusion	  with	  verbal	  instructions	  before	  the	  completion	  of	  route	  setup	   	   	   M	   	   M	  
[UI51.a]	   Difficulty	  in	  menu	  navigation	   M	   	   M	   	   M	  
[UI52.a]	   Route	  summary	  button	  confusion	   	   	   M	   	   M	  
[UI53.a]	   Unhelpful	  route	  summary	  map	  	   	   	   M	   	   M	  
[UI54.a]	   Confusion	  over	  Point	  of	  Interest	  (POI)	   	   	   	   M	   M	  
[UI55.a]	   No	  clear	  way	  to	  bypass	  house	  number	  entry	   M	   	   M	   M	   M	  
[UI56.a]	   No	  way	  to	  edit	  the	  route	  from	  view	  menu	   	   	   M	   M	   M	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Appendix	  III. Usability	  issues	  from	  phase	  2:	  dynamic	  
	   	  Usability	  	  Issues	   CW	   UAN	   EMU	   DG	   EMP	  
[UI1.b]	  	   Inappropriate	  turn	  indicator	  for	  roundabouts	   M	   SR	   M	   M	   	  
[UI2.b]	  	   Inaccurate	  voice	  instruction	  in	  roundabout	  	   M	   M	   M	   M	   	  
[UI3.b]	  	   Inefficient	  guidance	  in	  roundabout	   	   M	   M	   M	   M	  
[UI4.b]	  	   	  Insufficient	  instructions	  at	  roundabout:	  Take	  exit	   	   	   	   	   M	  
[UI5.b]	  	   User	  takes	  an	  early	  turn	  	   	   	   	   	   M	  
[UI6.b]	  	   User	  uncertain	  about	  entering	  roundabout	   	   	   	   	   M	  
[UI7.b]	  	   User	  takes	  wrong	  exit	  from	  Aldgate	  Roundabout	  	   	   	   	   	   M	  
[UI8.b]	  	   User	  on	  wrong	  lane	  misses	  exit	  from	  roundabout	  	   	   	   	   	   M	  
[UI9.b]	  	   User	  takes	  wrong	  exit	  in	  roundabout	   	   	   	   	   M	  
[UI10.b]	  	   No	  voice	  feedback	  when	  route	  is	  being	  recalculated	   C	   	   	   	   SR	  
[UI11.b]	  	   No	  voice	  feedback	  for	  crossing	  a	  junction	   M	   SR	   M	   	   	  
[UI12.b]	  	   Non	  informative	  voice	  instructions	  	   M	   	   M	   M	   M	  
[UI13.b]	  	   Infrequent	  /	  lack	  of	  auditory	  instructions	   M	   C	   M	   M	   M	  
[UI14.b]	  	   Infectiveness	  of	  voice	  instructions	  (noise,	  etc.)	   	   	   M	   	   	  
[UI15.b]	  	   Imprecise	  voice	  instructions	   M	   M	   M	   M	   M	  
[UI16.b]	  	   Timeliness	  of	  auditory	  instructions	   	   	   	   	   M	  
[UI17.b]	  	   Early	  instructions	  might	  mislead	  user	  	   	   	   M	   M	   	  
[UI18.b]	  	   Extraneous	  voice	  instruction	  at	  critical	  point	   	   	   SR	   M	   	  
[UI19.b]	  	   User	  ignores	  the	  pre-­‐announcements	  to	  turns	  	   	   	   	   	   M	  
[UI20.b]	  	   No	  voice/visual	  instruction	  when	  driver	  is	  about	  to	  start	   M	   SR	   M	   M	   	  
[UI21.b]	  	   No	  indication	  of	  final	  destination	   M	   M	   	   	   	  
[UI22.b]	  	   Lack	  of	  labels	  	   M	   M	   	   M	   	  
[UI23.b]	  	   No	  current	  road	  name	  on	  the	  display	   M	   SR	   	   	   	  
[UI24.b]	  	   Next	  road	  name	  field	  location	   M	   M	   	   M	   	  
[UI25.b]	  	   Inappropriate	  use	  of	  screen	  space	   M	   M	   M	   	   	  
[UI26.b]	  	   Information	  overload	  on	  the	  screen	  display	   SR	   M	   SR	   M	   	  
[UI27.b]	  	   Confusing	  turn	  indicators	  	   M	   M	   M	   M	   	  
[UI28.b]	  	   Correct	  direction	  of	  the	  car	   C	   	   M	   	   	  
[UI29.b]	  	   Incorrect	  instruction	  for	  crossing	  a	  junction	   M	   M	   M	   M	   M	  
[UI30.b]	  	   Automatic	  recalculations	  leave	  the	  user	  without	  guidance	   C	   	   	   M	   M	  
[UI31.b]	  	   There	  are	  no	  wrong	  turns	  for	  users	  	   C	   	   	   	   	  
[UI32.b]	  	   Mismatch	  between	  on	  the	  turn	  indicator	  and	  route	  on	  map	   M	   M	   	   M	   	  [UI33.b]	  	   Inconsistency	  in	  next	  road	  field	  	   M	   SR	   	   	   	  
[UI34.b]	  	   Lack	  of	  positive	  feedback	   SR	   	   M	   M	   	  
[UI35.b]	  	   Reduced	  visibility	  of	  the	  screen	  (sun	  glare)	   	   	   M	   	   	  
[UI36.b]	  	   Lack	  of	  valid	  GPS	  signal	   	   	   M	   M	   	  
[UI37.b]	  	   No	  redundancy	  between	  voice	  and	  visual	  modalities	   	   	   M	   M	   	  
[UI38.b]	  	   Insufficient	  integration	  with	  the	  environment	   	   	   M	   M	   	  
[UI39.b]	  	   Protracted	  glances	  on	  the	  device	   	   	   	   	   M	  
[UI40.b]	  	   User	  in	  near-­‐miss	  when	  entering	  a	  roundabout	  	   	   	   	   	   M	  
[UI41.b]	  	   Wrong	  turn	  on	  junction	   	   	   	   	   M	  
[UI42.b]	  	   User	  confused	  over	  rerouting	   	   	   	   	   M	  
[UI43.b]	  	   System	  misbehaving	  (resilience)	  	   	   	   	   	   M	  
[UI44.b]	  	   User	  doubts	  the	  reliability	  of	  the	  device	   	   	   	   	   M	  
[UI45.b]	  	   User	  confused	  on	  what	  is	  expected	  to	  do	  to	  start	  navigating	   	   	   	   	   M	  [UI46.b]	  	   User	  confused	  over	  the	  lack	  of	  instructions	   	   	   	   	   M	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Appendix	  IV. Definitions	  of	  usability	  problems	  (phase	  one)	  
In	  this	  appendix	  we	  present	  the	  definitions	  of	  the	  usability	  problems	  that	  were	  identified	  in	  
phase	  one	  (static)	  of	  our	  study.	  
[UI1.a]	  Inadequate	  feedback	  for	  selections	  
There	  is	  very	  little	  feedback	  provided	  for	  the	  selections	  made	  by	  the	  user.	  Most	  of	  the	  times	  
the	   user	   is	   taken	   to	   another	   part	   of	   the	   dialogue,	   and	   it	   is	   not	   clear	   whether	   the	   right	  
selection	  has	  been	  made.	  
[UI2.a]	  Inappropriate	  use	  of	  'Done'	  button	  
The	   button	   ‘done’	   is	   used	   inconsistently	   in	   the	   interface.	   So	   far	   the	   user	   could	   make	   a	  
selection	   by	   touching	   one	   the	   desired	   menu	   item.	   When	   ‘done’	   is	   selected,	   the	   system	  
automatically	  chooses	  the	  first	  item	  from	  the	  scroll	  list.	  
[UI3.a]	  Little	  feedback	  when	  route	  is	  recalculated	  
No	   appropriate	   feedback	   is	   provided	  when	   the	   system	   starts	   generating	   the	   route	   to	   the	  
destination.	  The	  user	  might	  not	  realise	  what	  is	  happening	  and	  try	  to	  cancel	  the	  process.	  
[UI4.a]	  Automatically	  removing	  spaces	  from	  postcodes	  
The	  use	  of	  the	  ‘space’	  button	  is	  also	  quite	  confusing.	  Although	  it	  allows	  you	  to	  enter	  a	  space	  
to	   separate	   the	   two	   parts	   of	   the	   post	   code,	   it	   automatically	   deletes	   the	   space,	   once	   you	  
enter	   the	  next	  part	  of	   the	  post	  code.	  This	  can	  be	  quite	  confusing,	  as	   the	  user	  might	   try	   to	  
delete	  the	  input	  several	  times	  and	  attempt	  to	  enter	  it	  properly.	  
[UI5.a]	  Feedback	  not	  always	  visible	  by	  the	  user	  (covered	  by	  hand)	  
As	   the	   system	   operates	   on	   a	   touch	   screen	   display,	   it	   is	   quite	   probable	   that	   some	   of	   the	  
feedback	  might	  be	  missed,	  as	  parts	  of	   the	   interface	  will	  be	  covered	  by	  the	  users’	  hands	  or	  
fingers.	  
[UI6.a]	  No	  confirmation	  when	  editing	  route	  
There	  is	  no	  confirmation	  to	  changing	  a	  route.	  As	  a	  result	  the	  user	  can	  easily	  make	  a	  wrong	  
selection	  while	  experimenting	  with	  the	  system.	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[UI7.a]	  Overloaded	  with	  unnecessary	  information	  on	  summary	  page	  
The	   summary	   page	   contains	   more	   information	   than	   needed	   that	   will	   only	   lead	   to	   more	  
confusion	  for	  the	  user.	  
[UI8.a]	  Unsuitable	  flashing	  feedback	  
Some	  of	  the	  feedback	  is	  provided	  as	  flashing	  feedback,	  which	  is	  totally	  inappropriate	  for	  this	  
kind	  of	  interface	  and	  device.	  
[UI9.a]	  Design	  of	  some	  pages	  is	  radically	  different	  
Some	   of	   the	   pages	   in	   the	   system	  do	   not	   follow	   the	   overall	   theme	   of	   the	   application,	   and	  
stand	  out	  from	  the	  rest	  without	  obvious	  reason.	  	  
[UI10.a]	  	  Extraneous	  pieces	  of	  information	  on	  route	  map	  screen	  
The	  route	  map	  screen	  is	  pretty	  difficult	  to	  understand;	  this	  is	  made	  even	  more	  difficult	  with	  
the	  display	  of	  unnecessary	  information	  which	  is	  not	  highly	  relevant	  to	  the	  route	  map.	  
[UI11.a]	  	  Inappropriate	  use	  of	  'Cancel'	  button	  
The	  labelling	  of	  the	  button	  ‘cancel’	  seems	  to	  be	  a	  bit	  unfortunate.	  What	  will	  the	  user	  cancel	  
if	  this	  option	  is	  selected?	  The	  route?	  The	  selections?	  Nothing	  is	  really	  cancelled.	  This	  buttons	  
merely	  takes	  you	  to	  the	  first	  screen	  where	  the	  navigation	  starts.	  
	  
[UI12.a]	  Inconsistent	  colour	  scheme	  within	  menus	  
Colour	   schemes	   can	   be	   used	   to	   group	   together	   similar	   functions,	   while	   at	   the	   same	   time	  
offering	   the	   sense	   of	   continuity	   to	   the	   user	   when	   progressing	   through	   the	   task.	   In	   this	  
system	   the	   colour	   scheme	   is	   used	   inconsistently,	   resulting	   in	   inappropriate	   feedback	   and	  
sense	   of	   confusion	   by	   the	   user.	   This	   was	   picked	   up	   by	   DG	   as	   it	   violated	   the	   respective	  
guideline,	  while	  it	  was	  also	  identified	  in	  the	  process	  of	  the	  CW.	  
[UI13.a]	  Navigational	  instructions	  start	  automatically	  
Once	  the	  system	  has	  generated	  the	  route,	  it	  automatically	  starts	  issuing	  instructions	  without	  
prior	  notice.	  This	  can	  confuse	  and	  stress	  the	  user,	  as	  he	  might	  not	  be	  ready	  to	  start	  driving.	  	  
[UI14.a]	  No	  easy	  way	  to	  undo	  a	  selection	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Once	  the	  route	  has	  been	  generated,	  there	  is	  not	  a	  direct	  way	  to	  make	  any	  change	  (by	  going	  
back)	  -­‐	  the	  user	  will	  need	  to	  restart	  the	  task.	  
[UI15.a]	  No	  feedback	  during	  list	  generation	  
When	  the	  various	  lists	  are	  generated	  by	  the	  system,	  there	  is	  no	  feedback	  to	  the	  user	  of	  what	  
is	  happening.	  The	  user	  might	  presume	  there	  is	  nothing	  there	  and	  attempt	  to	  go	  to	  a	  previous	  
screen.	  
[UI16.a]	  Non	  standard	  keyboard	  layout	  
The	  layout	  of	  the	  keyboard	  is	  quite	  awkward	  and	  it	  takes	  some	  time	  to	  locate	  the	  letters;	  it	  is	  
different	  to	  the	  QWERTY	  layout	  or	  the	  one	  used	  on	  mobile	  phones.	  
[UI17.a]	  Unintuitive	  icons	  and	  associated	  labels	  
Lots	   of	   the	   icons	   do	   not	   seem	   to	   convey	   an	   appropriate	   image	   associated	   with	   their	  
functionality.	  The	  situation	  is	  further	  aggravated	  by	  the	  lack	  of	  appropriate	  labels.	  	  
[UI18.a]	  Confusion	  over	  interactivity	  of	  list	  items	  
The	   interactivity	   of	   the	   various	   lists	   displayed	   is	   not	   evident	   to	   the	   user.	   The	   user	   can	   be	  
easily	  confused	  over	  what	  can	  or	  cannot	  be	  selected.	  
[UI19.a]	  Difficulty	  to	  recover	  from	  errors	  
There	   is	  no	  clear	  way	  for	   the	  user	   to	  recover	   from	  erroneous	  situations.	  The	  systems	  does	  
not	   readily	   provide	   the	   way	   for	   the	   user	   to	   make	   changes	   or	   rectify	   wrong	   selections	   in	  
routes.	  	  
[UI20.a]	  Inappropriate	  headings	  in	  menus	  
The	  lack	  of	  appropriate	  headings	  throughout	  the	  application	  was	  picked	  up	  by	  all	  analytical	  
techniques	   applied	   in	   this	   study.	   Titles	   are	   necessary	   as	   they	   provide	   orientation	   and	  
constant	   feedback	   to	   the	   user.	   Missing	   or	   inappropriately	   used	   headings	   decrease	  
significantly	  the	  usability	  of	  a	  system.	  
[UI21.a]	  Inappropriate	  labelling	  &	  grouping	  of	  icons	  
Lots	   of	   icons	   did	   not	   carry	   appropriate	   labels,	   making	   the	   understanding	   of	   their	  
functionality	   by	   the	   users	   extremely	   difficult.	   Also	   the	   grouping	   of	   icons	   has	   been	  
unfortunate	  as	  users	  had	  difficulty	  locating	  some	  functionality	  within	  the	  navigation	  menus.	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[UI22.a]	  Little	  feedback	  about	  the	  current	  location	  in	  the	  system	  
The	   labelling	   of	   the	   menus	   is	   not	   very	   intuitive.	   The	   driver	   will	   struggle	   to	   locate	   the	  
functionality	  desired.	  The	  drive	  might	  easily	  drift	  in	  other	  menus	  (e.g.,	  preferences)	  and	  get	  
frustrated.	  Driver	  might	  try	  to	  view	  the	  route	  through	  the	  appropriate	  menu	  and	  attempt	  to	  
change	  it	  from	  there	  (not	  possible).	  
[UI23.a]	  No	  backtracking	  from	  several	  screens	  
From	   several	   screens	   there	   is	   no	   option	   to	   the	   user	   to	   go	   back.	   This	   can	   be	   extremely	  
cumbersome,	  as	  the	  user	  can	  be	  easily	  trapped	  in	  long	  dialogues.	  
[UI24.a]	  No	  clear	  feedback	  after	  selections	  
[UI25.a]	  There	  is	  no	  escape	  from	  postcode	  entry	  menu	  
Once	  the	  user	  has	  reached	  this	  screen,	  there	  is	  no	  way	  to	  cancel	  or	  go	  back.	  It	  is	  necessary	  to	  
input	  some	  sort	  of	  postal	  code	  in	  order	  to	  continue.	  
[UI26.a]	  Capture	  error	  with	  'Done'	  button	  
It	  is	  quite	  interesting	  that	  the	  user	  does	  not	  make	  a	  selection	  from	  the	  list	  (postcode	  entry),	  
but	  presses	  the	  done	  button,	  under	  the	  impression	  that	  the	  system	  will	  accept	  whatever	  the	  
user	   has	   inputted.	   In	   this	   instance	   the	   step	   is	   not	   successfully	   completed,	   as	   the	   system	  
chooses	  automatically	  the	  first	  item	  on	  the	  list,	  which	  was	  not	  the	  desired	  destination,	  as	  a	  
typing	  error	  had	  occurred.	  The	  user	  repeats	  the	  steps	  above	  again,	  but	  the	  right	  selection	  is	  
made,	  as	  no	  typing	  error	  occurs	  this	  time.	  	  
[UI27.a]	  Confusion	  between	  back	  and	  backspace	  
The	  user	   can	  easily	   be	   confused	  between	   the	  back	   and	  backspace	  buttons	   in	   some	  of	   the	  
screens,	  where	  user	  input	  through	  the	  virtual	  keyboard	  is	  also	  required.	  
[UI28.a]	  Confusion	  over	  advanced/itinerary	  functionality	  
	  These	   particular	   functionalities	   of	   the	   system	   are	   poorly	   designed.	   It	   is	   difficult	   to	  
understand	  what	  they	  represent	  in	  the	  system	  and	  even	  more	  difficult	  to	  use	  them.	  
[UI29.a]	  Confusion	  over	  'Avoid	  roadblock'	  functionality	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The	   user	   can	   be	   easily	   confused	   about	   the	   'Avoid	   roadblock'	   functionality	   as	   it	   is	   not	  
immediately	  clear	  what	  exactly	  can	  be	  achieved	  through	  this	  selection.	  
[UI30.a]	  Confusion	  over	  'calculate	  alternative'	  functionality	  
The	   user	   can	   be	   easily	   confused	   by	   the	   various	   options	   grouped	   under	   the	   ‘calculate	  
alternative’	  menu.	   The	   grouping,	   but	   also	   the	   close	   semantic	  match,	   between	   the	   various	  
options	  can	  only	  lead	  to	  the	  confusion	  of	  the	  user.	  
[UI31.a]	  Confusion	  over	  route	  automatic	  recalculations	  
It	   is	  not	   clear	   to	   the	  user	  when	   the	  system	  recalculates	   the	   route.	  As	   this	  happens	  usually	  
automatically,	  the	  user	  has	  not	  real	  control	  over	  it.	  
[UI32.a]	  Confusion	  over	  use	  of	  route	  demo	  
It	   is	   not	   immediately	   evident	  what	   the	   route	   demo	   is.	   As	   is	   quite	   difficult	   for	   the	   user	   to	  
locate	   the	  appropriate	   selection	   in	  order	   to	  view	   the	   route,	   this	   can	  be	  easily	   selected	  my	  
mistake.	  
[UI33.a]	  Difficulty	  with	  locating	  'City	  Centre'	  functionality	  
The	  menu	  structure	  and	   lack	  of	  appropriate	  headings	  make	   it	   very	  difficult	   to	   location	   the	  
appropriate	  functionality	  in	  the	  interface.	  	  
[UI34.a]	  Difficulty	  with	  'Map	  segment'	  functionality	  
The	   route	   is	   reviewed	   and	   the	   segment	   of	   the	   route	   to	   be	   avoided	   selected.	   Various	  
manipulations	  on	   the	   interface	   (view	   route	  menu)	  by	   the	  user	  do	  not	   achieve	   the	  desired	  
result,	  i.e.	  edit	  the	  route.	  	  
[UI35.a]	  Difficulty	  with	  use	  of	  maps	  
The	   interactive	   tools	   provided	   for	   the	   manipulation	   of	   the	   maps	   are	   less	   than	   intuitive,	  
potentially	  discouraging	  the	  users	  from	  using	  such	  functionality.	  
[UI36.a]	  Inability	  to	  modify	  route	  from	  route	  menu	  
There	   is	  no	  option	   for	   the	  user	   to	  make	  any	  modification	  to	   the	  generated	  route	   from	  the	  
route	  menu.	   This	   can	   be	   very	   frustrating,	   as	   it	   is	   not	   clear	  where	   the	   user	   can	   locate	   this	  
option.	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[UI37.a]	  Incomplete	  task	  although	  the	  users	  believes	  otherwise	  
The	  lack	  of	  appropriate	  feedback	  once	  the	  user	  has	  finished	  programming	  might	  mislead	  the	  
user	  as	  it	  is	  immediately	  clear	  that	  the	  correct	  route	  has	  been	  programmed.	  
[UI38.a]	  Incorrect	  selection	  due	  to	  screen	  update	  delay	  
Sometimes	  the	  menus	  scroll	  quite	  slowly.	  It	  is	  quite	  possible	  that	  by	  the	  time	  a	  user	  makes	  a	  
selection	  the	  item	  might	  have	  moved	  on.	  Thus	  the	  driver	  can	  easily	  make	  a	  wrong	  choice.	  
	  
	  [UI39.a]	  Invalid	  input	  through	  address	  entry	  
The	  system	  offers	  different	  interactive	  dialogues	  to	  the	  user	  to	  input	  the	  information	  about	  
the	   destination	   in	   terms	   of	   an	   address,	   postcode,	   point	   of	   interest,	   city	   centre,	   etc.	  Users	  
repeatedly	   attempted	   to	   input	   through	   the	   address	   dialogue,	   information	   other	   than	   that	  
asked	  for	  at	  the	  time	  by	  the	  device.	  Although	  the	  first	  screen	  of	  this	  dialogue	  asks	  for	  the	  city	  
name	  of	   the	  destination,	  users	   tried	   to	  enter	   the	  postcode,	  name	  of	   the	  restaurant,	   street	  
name,	   etc.	   Apparently	   users	   did	   not	   identify	   the	   specific	   dialogue	   for	   postcode	   entry,	  
consequently	   trying	   to	  communicate	   the	  postcode	   to	   the	  system	  through	   this	  menu,	   since	  
another	  option	  was	  not	  readily	  available.	  This	   led	  to	  confusion,	  decreasing	  significantly	  the	  
usability	  of	  the	  system.	  	  
[UI40.a]	  Postcode	  through	  address	  
Some	   users	   might	   attempt	   to	   enter	   the	   postcode	   through	   the	   address	   menu,	   as	   the	  
postcode	  is	  part	  of	  the	  address.	  This	  is	  not	  possible	  though	  in	  the	  current	  system,	  as	  there	  is	  
a	  separate	  menu	  for	  postcode	  input.	  	  
[UI41.a]	  Search	  in	  incorrect	  city	  
Although,	  the	  user	  is	  supposed	  to	  be	  looking	  for	  a	  restaurant	  in	  Nottingham,	  he	  is	  trying	  to	  
locate	  a	  restaurant	  in	  Leeds.	  Despite	  an	  extensive	  scanning	  of	  the	  list,	  he	  is	  unable	  to	  locate	  
the	  restaurant	  and	  aborts	  this	  menu.	  
[UI42.a]	  Typing	  error	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[UI43.a]	  Typing	  error	  due	  to	  screen	  update	  delay	  
Although	  the	  user	  has	  made	  a	  typing	  error,	  it	  takes	  some	  time	  before	  realising	  the	  error	  and	  
modifying	   the	   input.	   It	   appears	   that	   the	  user	   types	   the	   same	   letters	   twice	   (LEELEE)	   as	   the	  
system	  takes	  some	  time	  to	  update	  the	  display.	  	  
[UI44.a]	  Uncertainty	  before	  city	  selection	  
When	  the	  system	  displays	  city	  names	  in	  the	  lists,	  there	  is	  not	  enough	  information	  displayed	  
to	  help	  the	  user	  take	  an	  informed	  decision	  about	  the	  desired	  destination.	  	  
[UI45.a]	  Undo	  previously	  completed	  tasks	  
In	  an	  effort	  to	  complete	  the	  current	  task,	  the	  user	  reprograms	  the	  device	  in	  a	  way	  that	  the	  
previous	   task	   has	   been	   annulled.	   For	   example,	   the	   user	   programmed	   the	   device	   to	   travel	  
from	   Nottingham	   to	   Leeds,	   thus	   eliminating	   the	   first	   part	   of	   the	   route,	   i.e.,	   London	   to	  
Nottingham.	  	  
[UI46.a]	  User	  confused	  over	  missing	  route	  
The	  user	  finally	  reaches	  the	  ‘summary	  as	  text’	  menu,	  in	  order	  to	  review	  the	  route	  and	  check	  
for	  the	  motorway.	  At	  this	  stage,	  the	  user	  realises	  that	  only	  part	  of	  the	  route	  is	  shown.	  	  
[UI47.a]	  User	  missed	  information	  when	  scanning	  list	  
The	  user	  scans	  the	  list	  to	  locate	  the	  part	  of	  the	  route	  to	  avoid.	  It	  appears	  that	  he	  missed	  the	  
motorway	  and	  scanned	  through	  the	  list	  a	  second	  time	  in	  order	  to	  locate	  and	  select	  it.	  	  
[UI48.a]	  Wrong	  city	  selection	  
The	  user	  is	  unsure	  about	  the	  available	  options	  and	  makes	  a	  wrong	  selection	  from	  the	  list.	  
[UI49.a]	  Wrong	  mode	  
Another	   issue	   identified	   in	   the	   empirical	   study	   only	   refers	   to	   the	   user	   being	   in	   the	  wrong	  
mode.	  The	  system	  incorrectly	  captured	  the	  intentions	  of	  the	  user	  without	  the	  user	  realising.	  
This	   was	   identified	   as	   the	   user	   attempted	   to	   carry	   out	   the	   2nd	   task,	   i.e.,	   setting	   up	   an	  
intermediate	   destination	   in	   the	   itinerary,	   through	   the	   address	   dialogue.	  More	   specifically,	  
the	  user	  input	  part	  of	  the	  name	  (N-­‐O-­‐T-­‐T)	  of	  the	  stopover	  town	  (Nottingham)	  and	  the	  system	  
automatically	   updated	   the	   appropriate	   list,	   according	   to	   the	   user	   input.	   As	   it	   was	   being	  
updated,	   Nottingham	  momentarily	   appeared	   on	   top	   of	   the	   list,	   before	   it	   went	   to	   second	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place	  in	  order	  to	  be	  replaced	  by	  Notting	  Hill.	  Nevertheless,	  the	  user	  selected	  the	  first	  item	  on	  
the	  list,	  having	  not	  realised	  that	  the	  list	  had	  changed	  before	  the	  selection	  was	  made.	  
Under	   these	   circumstances	   the	   user	   arrived	   at	   the	   next	   screen,	   ‘Travel	   via/Address/Street	  
entry’,	  under	   the	   illusion	   that	  Nottingham	  was	  selected	   in	   the	  previous	   screen.	  As	  a	   result	  
the	  user	  was	  unsuccessful	   in	   locating	  the	  street	  or	  the	  restaurant	  on	  the	   list,	  as	  the	  wrong	  
city	  was	  selected.	  
[UI50.a]	  Confusion	  with	  verbal	  instructions	  before	  the	  completion	  of	  route	  setup	  
The	   system	   prematurely	   starts	   issuing	   navigation	   instructions,	   while	   it	   appears	   to	   be	   still	  
calculating	  the	  route.	  This	  leads	  to	  the	  confusing	  further	  the	  user	  and	  losing	  his	  trust	  in	  the	  
system.	  
[UI51.a]	  Difficulty	  in	  menu	  navigation	  
The	   lack	   of	   appropriate	   signs	   in	   the	  menu	   and	   the	   overall	   functionality,	   make	   navigation	  
within	  the	  interface	  extremely	  difficult.	  The	  user	  can	  easily	  get	  lost	  while	  searching	  through	  
the	  interface	  for	  the	  selection	  to	  complete	  the	  tasks.	  
[UI52.a]	  Route	  summary	  button	  confusion	  
The	  user	  is	  confused	  by	  the	  labelling	  of	  the	  button	  ‘route	  summary	  info’	  and	  ‘route’	  and	  goes	  
several	  times	  through	  the	  same	  menu,	  before	  selecting	  another	  option.	  
[UI53.a]	  Unhelpful	  route	  summary	  map	  	  
The	  user	  is	  unsure	  how	  to	  check	  for	  the	  rest	  of	  the	  route	  and	  visits	  the	  ‘route	  as	  map’	  menu.	  
This	  path	  is	  immediately	  aborted	  due	  to	  the	  design	  /	  difficulty	  of	  the	  map.	  	  
[UI54.a]	  Confusion	  over	  Point	  of	  Interest	  (POI)	  
The	  user	  experiences	  problems	  with	  locating	  the	  desired	  information	  within	  this	  feature.	  The	  
user	  is	  further	  confused	  as	  there	  are	  similar	  labelled	  icons.	  
[UI55.a]	  No	  clear	  way	  to	  bypass	  house	  number	  entry	  
The	   second	   task	   involved	   programming	   the	   navigation	   device	   to	   reach	   a	   restaurant.	   The	  
address	   provided	   to	   the	   user	   in	   the	   context	   of	   this	   trial	   did	   not	   include	   a	   street	   number.	  
Nevertheless,	  the	  system	  asks	  for	  this	  piece	  of	  information	  as	  part	  of	  the	  address,	  without	  an	  
obvious	  way	  to	  bypass	  it.	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[UI56.a]	  No	  way	  to	  edit	  the	  route	  from	  view	  menu	  
The	   design	   of	   the	   menu	   structure	   prohibited	   the	   users	   from	   making	   any	   changes	   to	   the	  
generated	   route	   from	   the	   set	   of	   menus	   used	   to	   view	   the	   route.	   As	   a	   result,	   users	  
frustratingly	  navigated	  through	  the	  system	  menus	  to	  locate	  the	  appropriate	  functionality.	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Appendix	  V. Definitions	  of	  usability	  problems	  (phase	  two)	  
In	  this	  appendix	  we	  present	  the	  definitions	  of	  the	  usability	  problems	  that	  were	  identified	  in	  
phase	  two	  (dynamic)	  of	  our	  study.	  
[UI1.b]	  Inappropriate	  turn	  indicator	  for	  roundabouts	  
There	   is	   only	   one	   icon	   on	   the	   turn	   indicator	   demonstrating	   visually	   to	   the	   driver	   on	   the	  
upcoming	  turn.	  This	  is	  insufficient	  and	  quite	  difficult	  for	  the	  user	  to	  comprehend.	  	  The	  driver	  
wouldn’t	  be	  able	  to	  make	  the	  right	  turn	  if	  he	  depended	  solely	  on	  the	  visual	  display.	  
[UI2.b]	  Inaccurate	  voice	  instruction	  in	  roundabout	  
The	  voice	  instruction	  is	  incorrect.	  If	  the	  driver	  counted	  the	  exits,	  he	  would	  have	  realised	  that	  
the	  desired	  exit	  is	  the	  fourth	  and	  not	  the	  third	  as	  instructed.	  	  
[UI3.b]	  Inefficient	  guidance	  in	  roundabout	  
At	   this	   point	   the	   driver	   has	   no	   guidance	   by	   the	   system.	   There	   have	   been	   several	  
opportunities	  to	  leave	  the	  current	  road	  and	  although	  he	  is	  facing	  an	  intersection,	  there	  is	  no	  
voice	   instruction	   coming	   from	   the	   device.	   The	   driver	   will	   have	   to	   look	   extensively	   at	   the	  
device	   to	   examine	   the	   suggested	   route.	   The	   driver	   will	   feel	   quite	   frustrated	   as	   he	   is	   in	   a	  
complex	   road	   system	   and	   no	   instructions	   are	   given.	  Moreover,	   since	   he	   is	   guided	   by	   the	  
device,	  he	  will	  feel	  quite	  disorientated	  and	  sure	  on	  what	  to	  do	  next.	  This	  is	  a	  very	  dangerous	  
situation,	  as	  the	  driver	  will	  be	  looking	  at	  the	  device	  –	  eyes	  of	  the	  road	  –	  while	  quite	  possibly	  
getting	  extremely	  stressed.	  
[UI4.b]	  	  Insufficient	  instructions	  at	  roundabout:	  Take	  appropriate	  exit	  
While	   the	  user	   is	  moving	   from	  Hackney	  Road	   to	  Shoreditch	  High	  Street,	   the	   system	   issues	  
the	   instruction	  “After	  100	  yards	  turn	   left,	   then	  cross	  the	  roundabout	  3rd	  exit”.	  As	  the	  user	  
approaches	   Calvert	   Avenue,	   the	   system	   fails	   to	   give	   the	   turn	   ‘instruction’	   in	   time	   and	   the	  
user	  misses	  the	  turn.	  Although	  the	  user	  had	  received	  the	  instruction	  earlier	  and	  it	  was	  also	  
shown	  on	  the	  display,	  he	  failed	  to	  make	  the	  right	  turn.	  
[UI5.b]	  User	  takes	  an	  early	  turn	  in	  roundabout	  
As	  the	  user	  approaches	  a	  junction	  the	  system	  produces	  an	  instruction	  that	  is	  meant	  for	  later	  
on.	  As	  a	  result	  the	  user	  takes	  an	  abrupt	  decision	  and	  makes	  an	  immediate	  turn.	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[UI6.b]	  User	  uncertain	  about	  entering	  roundabout	  
The	   lack	  of	  appropriate	   feedback	   from	  the	  device	  casts	  doubts	  on	   the	  user,	  who	   is	  unsure	  
whether	   the	   auditory	   instructions	   received	   are	   correct.	   As	   such,	   the	   user	   focuses	   on	   the	  
device	  to	  reconfirm	  the	  instructions.	  	  
[UI7.b]	  User	  takes	  wrong	  exit	  from	  Aldgate	  Roundabout	  at	  Whitechapel	  High	  Street	  
The	  first	  point	  of	  confusion	  appears	  as	  the	  users	  enter	  a	  roundabout	  system	  and	  receives	  the	  
instruction	  ‘turn	  left	  and	  then	  keep	  right’.	   	  Although	  the	  user	  turns	  left	  on	  the	  roundabout,	  
he	  fails	  to	  correctly	  implement	  the	  rest	  of	  the	  composite	  instruction.	  The	  user	  finally	  keeps	  
left	  and	  drives	  on	  to	  a	  different	  road	  other	  than	  planned.	  As	  soon	  as	  the	  system	  realises	  that	  
a	   different	   route	   is	   followed,	   a	   new	   route	   is	   drafted	   for	   the	   destination	   (Aldgate	   East).	  
Between	  two	  quick	  glances	  at	   the	  device,	   the	  user	  realises	   that	  something	   is	  going	  on	  and	  
the	  seed	  of	  doubt	  appears.	  The	  user	  starts	  wondering	  whether	  he	  has	  taken	  the	  wrong	  route,	  
and	  stares	  at	  the	  device	  in	  an	  attempt	  to	  figure	  out	  what	  has	  happened.	  
[UI8.b]	  User	  on	  wrong	  lane	  misses	  exit	  from	  roundabout	  road	  system	  
The	  user	  is	  not	  in	  the	  right	  lane	  and	  does	  not	  manage	  to	  take	  an	  appropriate	  exit.	  The	  user	  
did	  not	  process	  appropriately	   the	  composite	   instruction	  generated	  by	  the	  system	  that	  also	  
referred	  to	  driving	  in	  the	  appropriate	  lane	  for	  the	  upcoming	  exit	  from	  the	  road	  system.	  
[UI9.b]	  User	  takes	  wrong	  exit	  in	  roundabout	  
A	  user	  does	  not	  receive	  instructions	  and	  makes	  a	  wrong	  turn	  at	  the	  roundabout.	  The	  system	  
does	  not	  provide	  the	  last	  minute	  ‘Turn	  now	  instruction’	  that	  the	  driver	  is	  used	  to.	  
[UI10.b]	  No	  voice	  feedback	  when	  route	  is	  being	  recalculated	  
The	  system	  fails	  to	  inform	  the	  user	  acoustically	  or	  even	  adequately	  visually	  when	  the	  route	  is	  
being	   recalculated	   while	   the	   car	   is	   in	   motion.	   That	   would	   have	   enabled	   the	   driver	   to	   be	  
aware	  of	  the	  state	  of	  the	  device	  less	  the	  protracted	  glancing	  at	  the	  device.	  
[UI11.b]	  No	  voice	  or	  visual	  feedback	  for	  crossing	  a	  junction	  
There	  is	  not	  clear	  direction	  to	  the	  user	  when	  crossing	  the	  junction;	  the	  system	  just	  assumes	  
that	  the	  user	  should	  just	  go	  straight.	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[UI12.b]	  Non	  Informative	  voice	  instructions	  
The	   quality	   and	   preciseness	   of	   the	   voice	   instruction	   is	   a	   core	   issue	   in	   the	   usability	   of	   the	  
device,	  as	  it	  ensures	  that	  drivers	  are	  not	  required	  to	  spend	  much	  time	  looking	  at	  the	  display	  
of	   the	   device	   while	   driving.	   The	   voice	   instructions	   are	   currently	   inadequate;	   they	   do	   not	  
convey	  enough	  information,	  such	  as	  the	  name	  of	  the	  road	  that	  the	  driver	  is	  expected	  to	  turn	  
into.	  	  
[UI13.b]	  Infrequent	  voice	  instructions	  /	  Lack	  of	  auditory	  instructions	  
Another	  concern	  apparent	  in	  the	  interaction	  with	  the	  device	  is	  the	  lack	  of	  voice	  instructions	  
coming	   from	  the	  device.	  The	  users	  complain	   that	   they	  don’t	  know	  what	   is	  happening	  with	  
the	   system,	  as	   there	  are	  prolonged	  periods	  of	   silence	  where	   the	  user	   is	  unsure	  of	  what	   is	  
expected	  to	  be	  done.	  As	  a	  result	  the	  user	  starts	  staring	  at	  the	  device	  for	  extended	  periods	  of	  
time,	  in	  order	  to	  establish	  what	  needs	  to	  be	  done.	  
[UI14.b]	  Ineffectiveness	  of	  voice	  instructions	  (noise,	  etc.)	  
The	   acoustical	   modality	   (voice	   instructions)	   might	   not	   be	   as	   effective	   as	   planned.	  
Surrounding	   noise	   or	   simply	   lack	   of	   attention	   has	   a	   detrimental	   effect	   on	   how	   the	   user	  
receives	   this	   modality.	   As	   the	   information	   provided	   is	   dynamic	   the	   user	   does	   not	   readily	  
have	   access	   to	   the	   information.	   Consequently,	   all	   acoustical	   information	   should	   also	   be	  
easily	  accessible	  also	  as	  a	  visual	  modality.	  
[UI15.b]	  Imprecise	  voice	  instructions	  
The	   driver	   is	   facing	   a	   mismatch	   between	   the	   voice	   and	   visual	   instructions.	   The	   voice	  
instruction	   provided	   by	   the	   system	   is	   imprecise,	   as	   there	   is	   another	   turn,	   before	   the	   one	  
meant	   by	   the	   device	   (as	   the	   route	   is	   drawn	   on	   the	   display).	   As	   a	   result,	   a	   different	   than	  
intended	  route	  is	  taken;	  an	  alternative	  route	  is	  recalculated	  by	  the	  system.	  	  
[UI16.b]	  Timeliness	  of	  auditory	  instructions	  
• The	  short	  distance	  between	  the	  turn	  does	  not	  provide	  the	  user	  with	  enough	  time	  to	  
check	  the	  instructions	  on	  the	  screen	  resulting	  on	  total	  dependence	  at	  certain	  times	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[UI17.b]	  Early	  instructions	  might	  mislead	  user	  
Providing	  voice	  instructions	  to	  the	  user	  in	  a	  timely	  manner	  is	  crucial	  for	  the	  operation	  of	  the	  
navigation	  device.	  Giving	  the	  users	  instruction	  too	  early	  might	  lead	  the	  user	  to	  take	  a	  wrong	  
turn.	  	  
[UI18.b]	  Extraneous	  voice	  instruction	  at	  critical	  point	  
The	  voice	   instruction	  should	  be	  simpler	  and	  not	  contain	  extraneous	   information,	  when	  the	  
user	  is	  about	  to	  make	  a	  turn,	  as	  it	  might	  easily	  create	  confusion.	  Additional	  information,	  such	  
as	  future	  turns	  should	  only	  be	  provided	  to	  the	  user	  during	  non-­‐critical	  periods.	  
[UI19.b]	   User	   ignores	   the	   pre-­‐announcements	   to	   turns	   or	   additional	   information	   given	  
acoustically.	  
The	   user	   is	   paying	   attention	   only	   to	   instructions	   which	   were	   relevant	   at	   the	   particular	  
instance.	   Instructions	   about	   upcoming	   instructions	   were	   dismissed,	   while	   composite	  
instructions	  were	  only	  followed	  to	  the	  first	  part.	  
[UI20.b]	  No	  voice	  or	  visual	  instruction	  when	  the	  driver	  is	  about	  to	  start	  driving	  
The	   system	  does	  not	   issue	  any	  guidance	   to	   the	  driver.	   This	  puts	   the	  driver	   in	  an	  awkward	  
position	  as	   it	   is	  not	  evident	  what	   is	  expected	  to	  be	  done.	  The	  system	  expects	  the	  driver	  to	  
start	   driving,	   without	   issuing	   an	   instruction.	   The	   driver	   doesn’t	   necessarily	   know	   that	   the	  
system	  is	  ready	  to	  start	  navigation,	  as	  there	  is	  no	  such	  confirmation.	  
[UI21.b]	  No	  indication	  of	  final	  destination	  
There	   is	   no	   clear	   indication	  on	   the	  destination	   that	   is	   currently	  programmed	  or	   about	   the	  
name	  of	   the	   road	  where	   the	  driver	   is	   currently	   located.	  Especially	   the	   latter	   is	  essential	   in	  
order	   for	   the	  driver	   to	  establish	  a	  match	  between	  the	  surroundings	  and	  what	   is	   shown	  on	  
the	  device.	  
[UI22.b]	  Lack	  of	  labels	  
The	  driver	  will	  be	  further	  confused	  by	  the	  information	  displayed	  by	  the	  system.	  The	  lack	  of	  
labels	   makes	   it	   almost	   impossible	   to	   decipher	   the	   information	   provided	   by	   the	   system.	  
Although	   display	   space	   comes	   at	   a	   premium,	   unlabelled	   information	   will	   remain	   most	  
probably	  incomprehensible	  by	  the	  user.	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[UI23.b]	  No	  current	  road	  name	  on	  the	  display	  
The	  lack	  of	  the	  current	  road	  name	  is	  quite	  disturbing.	  It	  makes	  it	  impossible	  for	  the	  driver	  to	  
match	  the	  information	  of	  the	  physical	  world	  to	  that	  of	  the	  device.	  
[UI24.b]	  Next	  road	  name	  field	  location	  
On	   the	   bottom	   part	   of	   the	   screen,	   the	   field	   represents	   the	   name	   of	   the	   next	   road.	   This	  
should	   have	   been	   somehow	   linked	   to	   the	   turn	   indicator	   above.	   The	   location	   of	   this	   field	  
makes	  it	  unusable	  as	  it	  is	  quite	  small	  and	  on	  the	  edge.	  
[UI25.b]	  Inappropriate	  use	  of	  screen	  space	  
It	   is	   also	   quite	   interesting	   to	   examine	   the	   screen	   space	   occupied	   by	   the	   map	   and	   other	  
information	   provided	   by	   the	   device.	   Important	   information	   such	   as	   the	   turn	   indicator,	  
distance	  indicator,	  and	  next	  road	  name,	  occupy	  only	  a	  fraction	  of	  the	  screen	  space,	  while	  the	  
map	  the	  majority	  of	  it.	  It	  is	  very	  unlikely	  that	  the	  user	  will	  try	  to	  understand	  the	  map,	  while	  
making	  a	  turn	  –	  they	  should	  be	  looking	  on	  the	  road.	  The	  bottom	  part	  of	  the	  screen	  needs	  to	  
be	   enhanced	   to	   facilitate	   easier	   and	   faster	   understanding	   by	   the	   user	   under	   these	  
circumstances.	   For	   example,	   it	   can	   temporarily	   occupy	   more	   space	   on	   the	   screen	   before	  
taking	  a	  turn.	  
[UI26.b]	  Information	  overload	  on	  the	  screen	  display	  
There	   is	   too	   much	   information	   available	   at	   a	   time	   to	   the	   user.	   This	   can	   only	   make	   the	  
interaction	   most	   cumbersome,	   as	   the	   user	   needs	   to	   be	   able	   to	   pick	   up	   only	   the	   crucial	  
information.	  The	  information	  should	  be	  readily	  available,	  but	  not	  displayed	  at	  all	  times.	  
[UI27.b]	  Confusing	  turn	  indicators	  	  
Multiple	   arrows	   appear	   on	   the	   turn	   indicator	   display.	   The	   user	   can	   be	   easily	   confused	   or	  
distracted	  if	  he	  tries	  to	  decipher	  their	  meaning.	  As	  a	  result	  the	  user	  might	  not	  make	  the	  turn	  
as	  prompted	  by	  the	  voice	  instruction	  or	  get	  distracted	  by	  the	  device.	  
[UI28.b]	  Correct	  direction	  of	  the	  car	  
Even	  when	  the	  driver	  realises	  that	  the	  system	  is	  ready,	  it	  is	  still	  not	  clear	  to	  the	  driver	  if	  the	  
direction	  of	   the	   car	   is	   correctly	   captured	  by	   the	  device.	  As	   a	   result	   if	   the	   car’s	  direction	   is	  
different	  to	  the	  one	  captured	  by	  the	  device,	  the	  system	  will	  automatically	  start	  recalculating	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routes	  or	  repeatedly	  giving	  the	  voice	  instruction	  ‘turn	  around	  when	  possible’,	  confusing	  the	  
user.	  
[UI29.b]	  Incorrect	  instruction	  for	  crossing	  a	  junction	  
There	  are	  conflicting	  messages	  perceived	  by	  the	  driver.	  There	  is	  a	  big	  arrow	  prompting	  the	  
driver	   to	   turn	   right,	   although	   he	   is	   expected	   to	   continue	   straight.	   As	   the	   driver	   has	   not	  
received	  any	  instruction	  by	  the	  system,	  turning	  right	  at	  the	  junction	  is	  a	  strong	  candidate.	  	  	  
[UI30.b]	  Automatic	  recalculations	  may	  leave	  the	  user	  temporarily	  without	  direction	  
If	   the	   driver	   misses	   a	   turn	   or	   a	   drive	   down	   the	   wrong	   road,	   a	   new	   route	   is	   calculated	  
automatically,	  based	  on	  the	  new	  position	  and	  direction	  of	  travel.	  The	  user	   is	  only	  aware	  of	  
any	  changes,	   if	  he	   spots	   the	   status	  bar	  which	  briefly	  appears	   in	   the	  bottom	  of	   the	   screen.	  
Although	  the	  time	  is	  usually	  quite	  brief,	  no	  directions	  are	  given	  to	  the	  user	  during	  that	  time.	  
This	  can	  be	  the	  least	  unpleasant	  if	  the	  driver	  is	  going	  at	  the	  time	  through	  a	  junction	  or	  a	  busy	  
road.	  The	  driver	  is	  distracted	  to	  the	  device	  to	  see	  what	  is	  going	  on.	  
[UI31.b]	  There	  are	  no	  wrong	  turns	  for	  the	  users	  (the	  user	  is	  always	  right)	  
In	  this	  design	  there	  is	  almost	  no	  wrong	  turn	  for	  the	  driver,	  as	  it	  will	  always	  redirect	  the	  user	  
through	  a	  newly	  generated	  route.	  Taking	  away	  the	  control	  from	  the	  user	  is	  not	  the	  best	  way	  
to	  improve	  the	  usability	  of	  the	  device.	  Users	  should	  be	  made	  aware	  when	  something	  is	  not	  
going	  according	  to	  plan.	  	  
[UI32.b]	  Mismatch	  between	  information	  on	  the	  turn	  indicator	  and	  the	  route	  on	  map	  
There	   is	   a	   mismatch	   between	   the	   vocal	   instruction	   and	   the	   map	   as	   shown	   on	   the	   visual	  
display.	  According	  to	  the	  vocal	   instruction	  the	  driver	   is	  expected	  to	  turn	   left	  and	  then	  turn	  
right,	  while	  the	  physical	  layout	  on	  the	  map	  suggests	  that	  the	  driver	  will	  first	  turn	  right,	  then	  
left	  and	  right	  again.	  
[UI33.b]	  Inconsistency	  in	  next	  road	  field	  	  
There	  is	  an	  inconsistency	  in	  respect	  to	  the	  field	  of	  the	  bottom	  of	  the	  screen,	  where	  the	  name	  
of	  the	  next	  street	  to	  turn	  onto	  appears.	  For	  example,	  when	  the	  driver	  is	  already	  on	  ‘Florida	  
Street’,	   he	   is	   expected	   to	   make	   a	   turn	   on	   this	   street	   again.	   Although	   this	   information	   is	  
correct	   as	   the	   same	   street	   continues,	   it	   is	   not	   clear	   from	   the	   system	   that	   the	   driver	   just	  
keeps	  on	  going	  on	  the	  same	  street.	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[UI34.b]	  Lack	  of	  positive	  feedback	  
During	   the	   analysis	   of	   the	   system,	  we	   have	   not	   identified	   any	  modalities	   offering	   positive	  
feedback	  to	  the	  user.	  Although	  the	  user	   is	  asked	  to	  follow	  a	  set	  of	   instructions,	  there	  is	  no	  
feedback	  by	  the	  user	  that	  such	  instructions	  are	  successfully	  carried	  out.	  As	  a	  result	  the	  user	  
might	   continuously	   look	   on	   the	   device	   in	   order	   to	   check	   that	   the	   ‘correct’	   route	   is	   being	  
followed.	  
[UI35.b]	  Reduced	  visibility	  of	  the	  screen	  (sun	  glare)	  
As	   identified	   in	   the	  modality	  clashes,	   sunshine	  might	   introduce	  glare	   to	   the	  device	  display,	  
making	  it	  very	  difficult	  for	  the	  user	  to	  read	  instructions	  from	  the	  display	  effectively.	  
[UI36.b]	  Lack	  of	  valid	  GPS	  signal	  
As	   also	   stated	   in	   the	   modalities	   the	   quality	   of	   the	   GPS	   signal	   can	   alter	   significantly	   the	  
interaction,	   as	   the	   system	   cannot	   calculate	   the	   correct	   route,	   thus	   giving	   incorrect	  
instructions	  to	  the	  driver.	  
[UI37.b]	  No	  redundancy	  of	  information	  between	  voice	  and	  visual	  modalities	  
As	  the	  acoustical	   information	  provided	  is	  dynamic	  the	  user	  does	  not	  readily	  have	  access	  to	  
the	  information.	  Consequently,	  all	  acoustical	  information	  should	  also	  be	  easily	  accessible	  as	  
a	  visual	  modality.	  
[UI38.b]	  Insufficient	  integration	  with	  the	  environment	  
The	  design	  should	  promote	  the	  better	   integration	  of	   the	  device	  to	  the	  environment	  of	   the	  
user.	  For	  example	  the	  voice	  instructions	  could	  contain	  the	  name	  of	  the	  road	  that	  the	  driver	  is	  
expected	  to	  turn	  to.	  
[UI39.b]	  Protracted	  glances	  on	  the	  device	  
The	  user	  appears	  to	  be	  spending	  more	  time	  looking	  at	  the	  device	  that	  on	  the	  road.	  Although	  
we	  are	  not	  analysing	  the	  exact	  times	  of	   ‘off	  the	  road’	  activities,	   it	   is	  quite	  obvious	  that	  the	  
current	  user	  behaviour	  can	  eventually	  lead	  to	  a	  precarious	  situation.	  
[UI40.b]	  User	  in	  near-­‐miss	  when	  entering	  a	  roundabout	  	  
The	   lack	  of	   voice	   instructions	   in	   addition	   to	   the	   lack	  of	   good	  visual	   cues	   is	   a	   challenge	   for	  
navigating	   within	   roundabout	   systems.	   They	   create	   confusion	   with	   the	   user,	   resulting	   in	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users	  staring	  at	  the	  device	  for	  prolonged	  periods	  of	  time.	  	  This	  condition	  resulted	  to	  a	  near-­‐
miss	  incident,	  as	  the	  driver	  entered	  a	  roundabout	  without	  properly	  checking	  priorities	  as	  he	  
was	  looking	  on	  the	  device	  at	  the	  time.	  
[UI41.b]	  Wrong	  turn	  on	  junction	  
The	  lack	  of	  a	  voice	  instruction,	  in	  addition	  to	  an	  early	  indicator	  about	  an	  upcoming	  turn	  led	  
the	  driver	  to	  make	  a	  turn	  on	  the	   junction,	  while	  that	  was	  not	  part	  of	  the	  pre-­‐programmed	  
route.	  It	  is	  quite	  interesting	  that	  the	  user	  is	  not	  aware	  he	  is	  deviating	  from	  the	  pre-­‐planned	  
route.	   	   A	   turn	   indicator	   showing	   that	   there	   is	   a	   turn	   after	   a	  mile,	  while	   there	   are	   several	  
junctions	   before	   that,	   can	   only	   confuse	   the	   user	   seeking	   reassurance	   and	   continuous	  
feedback	  from	  the	  navigation	  assistant.	  
[UI42.b]	  User	  confused	  over	  rerouting	  	  
An	   important	   aspect	   of	   the	   interaction	   is	   the	   lack	   of	   appropriate	   feedback	   while	   a	   user	  
makes	  a	  wrong	  turn.	  Sometimes	  the	  users	  are	  unaware	  that	  a	  deviation	  from	  the	  route	  has	  
occurred.	  The	  user	  receives	  no	  feedback,	  although	  this	  deviation	  might	  alter	  significantly	  the	  
duration	  of	  the	  trip.	  More	  confusion	  is	  created	  when	  the	  user	  looks	  at	  the	  screen	  when	  the	  
system	  is	  recalculating	  the	  route.	  As	  it	  is	  not	  clear	  what	  is	  happening	  the	  user	  often	  appears	  
worried	  and	  assumes	  that	  something	  is	  going	  on	  resulting	  in	  prolonged	  looking	  at	  the	  device,	  
or	   even	   a	   possible	   change	   in	   direction	   as	   the	   users	   might	   want	   to	   rectify	   the	   error	  
themselves	  by	  taking	  an	  alternative	  turn	  or	  changing	  direction.	  
[UI43.b]	  System	  resilience	  	  
It	  is	  quite	  important	  the	  way	  the	  system	  handles	  problems	  that	  are	  related	  to	  the	  quality	  of	  
the	  maps	  or	  the	  strength	  of	  the	  GPS	  signal	  –	  both	  intrinsic	  to	  the	  navigation	  system.	  Under	  
these	  circumstances,	   the	   system	  keeps	   recalculating	   the	   route	   to	   the	  destination,	   showing	  
the	  current	  position	  of	   the	  driver	   in	  different	  places	  every	   few	  seconds,	  while	  at	   the	  same	  
time	  giving	   random	  voice	   instructions	  out	  of	   sync	  with	   the	  visual	  display.	  These	  conditions	  
can	  only	  lead	  to	  a	  precarious	  situation.	  	  
[UI44.b]	  User	  doubts	  the	  reliability	  of	  the	  device	  	  
When	  the	  driver	  starts	  doubting	  the	  reliability	  of	  the	  device,	  only	  further	  problem	  may	  arise.	  
The	   lack	   of	   confidence	   leads	   to	   increased	   anger	   and	   diminishment	   of	   trust	   towards	   the	  
device,	   affecting	   the	   driving	   behaviour	   and	   potentially	   creating	   safety	   issues	   as	   users	   are	  
already	  under	  stress	  whilst	  driving.	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[UI45.b]	  User	  confused	  on	  what	  he	  is	  expected	  to	  do	  
Once	  the	  programming	  of	  the	  device	  is	  complete,	  it	  is	  not	  apparent	  what	  is	  expected	  to	  be	  
done.	  The	  device	  does	  not	  issue	  a	  command,	  and	  it	  is	  not	  even	  clear	  if	  it	  is	  ready	  to	  start.	  As	  
a	  result	  the	  users	  are	  perplexed	  and	  wonder	  that	  is	  expected	  to	  be	  done	  with	  the	  device	  in	  
order	  to	  start	  navigating.	  
[UI46.b]	  User	  confused	  over	  the	  lack	  of	  instructions	  
Users	   express	   their	   discontent	   over	   the	   lack	   of	   instructions	   at	   several	   points	   during	   the	  
interaction.	  They	  are	  unaware	  what	  the	  device	  is	  doing	  and	  as	  a	  result	  they	  look	  at	  in	  order	  
to	  establish	  its	  continuously	  changing	  state.	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Appendix	  VI. Extracts	  from	  review	  of	  data	  
Cognitive	  Walkthrough	  for	  Operating	  Procedures	  (CWfOP)	  
(M):	  Found	  by	  method	  
(NF):	  Not	  found	  by	  method	  
[UI1.]	  	   Inappropriate	  turn	  indicator	  for	  roundabouts	  (M)	  
There	   is	   only	   one	   icon	   on	   the	   turn	   indicator	   demonstrating	   visually	   to	   the	   driver	   the	  
upcoming	  turn.	  This	  is	  insufficient	  and	  quite	  difficult	  for	  the	  user	  to	  comprehend.	  	  The	  driver	  
wouldn’t	  be	  able	  to	  make	  the	  right	  turn	  if	  he	  depended	  on	  the	  visual	  display	  alone.	  
[UI2.]	  	   Inaccurate	  voice	  instruction	  in	  roundabout	  (M)	  
The	  voice	  instruction	  is	  incorrect.	  If	  the	  driver	  counted	  the	  exits,	  he	  would	  have	  realised	  that	  
the	  desired	  exit	  is	  the	  fourth	  and	  not	  the	  third	  as	  instructed.	  	  
[UI3.]	  	   Inefficient	  guidance	  in	  roundabout	  (M)	  
At	   this	   point	   the	   driver	   has	   no	   guidance	   by	   the	   system.	   There	   have	   been	   several	  
opportunities	  to	  leave	  the	  current	  road	  and	  although	  he	  is	  facing	  an	  intersection,	  there	  is	  no	  
voice	   instruction	   coming	   from	   the	   device.	   The	   driver	   will	   have	   to	   look	   extensively	   at	   the	  
device	   to	   examine	   the	   suggested	   route.	   The	   driver	   will	   feel	   quite	   frustrated	   as	   he	   is	   in	   a	  
complex	   road	   system	   and	   no	   instructions	   are	   given.	  Moreover,	   since	   he	   is	   guided	   by	   the	  
device,	  he	  will	  feel	  quite	  disorientated	  and	  sure	  on	  what	  to	  do	  next.	  This	  is	  a	  very	  dangerous	  
situation,	  as	  the	  driver	  will	  be	  looking	  at	  the	  device	  –	  eyes	  of	  the	  road	  –	  while	  quite	  possibly	  
getting	  extremely	  stressed.	  
[UI4.]	  	   No	  exit	  instruction	  from	  roundabout	  (NF)	  
The	  analytical	  method	  did	  not	  pick	  up	  this	  issue	  as	  it	  was	  not	  apparent	  in	  the	  simulation.	  
[UI5.]	  	   User	  takes	  an	  early	  turn	  (NF)	  
Cognitive	  Walkthrough	  for	  operating	  procedures	  covers	  some	  eventualities	  as	  it	  prompts	  the	  
researcher	  to	  look	  further	  into	  error	  issues,	  it	  wouldn’t	  be	  possible	  to	  predict	  this	  turn.	  
[UI6.]	  	   User	  uncertain	  about	  entering	  roundabout	  (NF)	  
The	  analytical	  method	  did	  not	  pick	  up	  this	  particular	  issue.	  	  Nevertheless	  the	  particular	  issue	  
can	  be	  attributed	  to	  various	  design	  issues	  identified	  during	  the	  analysis.	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[UI7.]	  	   User	  takes	  wrong	  exit	  from	  Aldgate	  Roundabout	  at	  Whitechapel	  High	  Street	  
(NF)	  
The	   method	   does	   not	   explore	   alternative	   paths	   to	   reaching	   the	   goal,	   or	   paths	   that	   are	  
dependant	  on	  errors	  that	  a	  user	  might	  make.	  	  
[UI8.]	  	   User	  on	  wrong	  lane	  misses	  exit	  from	  roundabout	  (NF)	  
The	   lane	   system	   is	   part	   of	   the	   environment	   that	  was	   not	   taken	   into	   consideration	   during	  
analysis,	  as	  it	  is	  not	  captured	  by	  the	  method	  or	  the	  device.	  
[UI9.]	  	   User	  takes	  wrong	  exit	  in	  roundabout	  
A	   user	   does	   not	   receive	   appropriate	   instructions	   and	   makes	   a	   wrong	   turn	   at	   the	   Arnold	  
circus	  roundabout.	  
[UI10.]	  	   No	  voice	  feedback	  when	  route	  is	  being	  recalculated	  (NF)	  
The	   recalculation	   occurs	   when	   there	   is	   a	   rerouting	   which	   falls	   out	   of	   the	   scope	   of	   this	  
method.	  	  
[UI11.]	  	   No	  voice	  feedback	  for	  crossing	  a	  junction	  (M)	  
The	  driver	  is	  still	  not	  guided	  by	  the	  device.	  Again	  the	  driver	  will	  be	  confused	  at	  the	  junction,	  
as	   there	   is	   no	   clear	   indication	   on	   what	   is	   expected	   to	   be	   done.	   There	   is	   no	   instruction	  
generated	  for	   the	  driver	  on	  what	   is	  expected.	  The	  correct	  action	   is	  not	  readily	  available	  to	  
the	  user.	  
[UI12.]	  	   Non-­‐informative	  voice	  instructions	  (M)	  
The	   quality	   and	   preciseness	   of	   the	   voice	   instruction	   is	   a	   core	   issue	   in	   the	   usability	   of	   the	  
device,	  as	  it	  ensures	  that	  drivers	  are	  not	  required	  to	  spend	  much	  time	  looking	  at	  the	  display	  
of	   the	   device	   while	   driving.	   The	   voice	   instructions	   are	   currently	   inadequate;	   they	   do	   not	  
convey	  enough	  information,	  such	  as	  the	  name	  of	  the	  road	  that	  the	  driver	  is	  expected	  to	  turn	  
to.	   The	   extensions	   provided	   by	   the	   method	   (e.g.,	   design	   suggestions,	   other	   comments)	  
provide	  the	  researcher	  with	  the	  tool	  to	  identify	  such	  issues.	  
[UI13.]	  	   Infrequent	  /	  Lack	  of	  auditory	  instructions	  (M)	  
Another	  concern	  apparent	  in	  the	  interaction	  with	  the	  device	  is	  the	  lack	  of	  voice	  instructions	  
coming	   from	   the	   device.	   Prolonged	   periods	   of	   silence	   leave	   the	   user	   unsure	   of	   what	   is	  
expected	  to	  be	  done.	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[UI14.]	  	   Ineffectiveness	  of	  voice	  instructions	  (noise,	  volume,	  etc.)	  (NF)	  
The	   acoustical	   modality	   (voice	   instructions)	   might	   not	   be	   as	   effective	   as	   planned.	  
Surrounding	   noise	   or	   simply	   lack	   of	   attention	   has	   a	   detrimental	   effect	   on	   how	   the	   user	  
receives	   this	   modality.	   As	   the	   information	   provided	   is	   dynamic	   the	   user	   does	   not	   readily	  
have	   access	   to	   the	   information.	   Consequently,	   all	   acoustical	   information	   should	   also	   be	  
easily	  accessible	  as	  a	  visual	  modality.	  Such	  issues	  are	  not	  easily	  captured	  by	  the	  method	  as	  it	  
cannot	  readily	  incorporate	  environmental	  issues	  in	  the	  analysis.	  	  
[UI15.]	  	   Imprecise	  voice	  instructions	  (M)	  
The	   driver	   is	   facing	   a	   mismatch	   between	   the	   voice	   and	   visual	   instructions.	   The	   voice	  
instruction	   provided	   by	   the	   system	   is	   incorrect,	   as	   there	   is	   another	   turn,	   before	   the	   one	  
meant	   by	   the	   device	   (as	   the	   route	   is	   drawn	   on	   the	   display).	   As	   a	   result,	   a	   different	   than	  
intended	  route	  is	  taken;	  an	  alternative	  route	  is	  recalculated	  by	  the	  system.	  
As	  a	  result,	  if	  the	  driver	  does	  not	  examine	  the	  route	  as	  shown	  on	  the	  display,	  he	  will	  end	  up	  
turning	  left	  on	  the	  wrong	  road.	  
[UI16.]	  	   Timeliness	  of	  auditory	  instructions	  (NF)	  
The	  short	  distance	  between	  the	  turn	  does	  not	  provide	  the	  user	  with	  enough	  time	  to	  check	  
the	  instructions	  on	  the	  screen	  resulting	  on	  total	  dependence	  at	  certain	  times	  on	  the	  device’s	  
voice	  instructions.	  This	  was	  not	  apparent	  in	  the	  simulation	  used	  for	  the	  analysis.	  	  
[UI17.]	  	   Early	  instructions	  might	  mislead	  user	  (NF)	  
Providing	  voice	  instructions	  to	  the	  user	  in	  a	  timely	  manner	  is	  crucial	  for	  the	  operation	  of	  the	  
navigation	  device.	  Giving	  the	  instruction	  too	  early	  might	  lead	  the	  user	  to	  take	  a	  wrong	  turn.	  
The	   issue	  cannot	  be	  easily	  captured	  at	   this	   level	  of	  abstraction,	  as	  we	  are	  doing	  a	  step-­‐by-­‐
step	  analysis	  of	  the	  task.	  
[UI18.]	  	   Extraneous	  voice	  instruction	  at	  critical	  points	  (NF)	  
The	  voice	   instruction	  should	  be	  simpler	  and	  not	  contain	  extraneous	   information,	  when	  the	  
user	  is	  about	  to	  make	  a	  turn,	  as	  it	  might	  easily	  create	  confusion.	  Additional	  information,	  such	  
as	  future	  turns	  should	  only	  be	  provided	  to	  the	  user	  during	  non	  critical	  periods.	  
[UI19.]	  	   Users	   ignore	   the	   auditory	   pre-­‐announcements	   to	   turns	   or	   additional	  
auditory	  information	  given.	  (NF)	  
Appendix	  VI	  
	  	   178	  |	  P a g e 	  
Throughout	  the	  trial	  the	  user	  was	  paying	  attention	  only	  to	  instructions	  which	  were	  relevant	  
at	   the	   particular	   instance.	   Instructions	   about	   upcoming	   instructions	  were	   dismissed,	  while	  
composite	  instructions	  were	  only	  followed	  to	  the	  first	  part.	  Instances	  of	  such	  behaviour	  are	  
not	  easily	  predicted	  using	  the	  method.	  
[UI20.]	  	   No	  voice	  or	  visual	  instruction	  when	  the	  driver	  is	  about	  to	  start	  driving	  (M)	  
At	   this	   point	   the	   system	   does	   not	   give	   any	   instruction	   to	   the	   driver.	   There	   is	   no	   voice	  
instruction	  and	  the	  graphic	  display	  is	  quite	  misleading.	  As	  a	  result	  the	  user	  might	  not	  realise	  
that	   the	  correct	  action	   is	  available.	  This	  puts	   the	  driver	   in	  an	  awkward	  position	  as	   it	   is	  not	  
evident	  what	  is	  expected	  to	  be	  done.	  The	  system	  expects	  the	  driver	  to	  start	  driving,	  without	  
issuing	  an	  instruction.	  The	  driver	  doesn’t	  necessarily	  know	  that	  the	  system	  is	  ready	  to	  start	  
navigation.	  
[UI21.]	  	   No	  indication	  of	  current	  road	  /	  final	  destination	  (M)	  
There	   is	   no	   clear	   indication	  on	   the	  destination	   that	   is	   currently	  programmed	  or	   about	   the	  
name	  of	  the	  road	  that	  the	  driver	  is	  currently	  located.	  Especially	  the	  latter	  is	  essential	  in	  order	  
for	   the	   driver	   to	   establish	   a	  match	   between	   the	   surroundings	   and	   what	   is	   shown	   on	   the	  
device.	  
[UI22.]	  	   Lack	  of	  labels	  (M)	  
The	   driver	   will	   be	   further	   confused	   by	   the	   information	   displayed	   by	   the	   system.	   The	  
apparent	  lack	  of	  labels	  makes	  it	  almost	  impossible	  to	  decipher	  the	  information	  provided	  by	  
the	  system.	  Although	  display	  space	  comes	  at	  a	  premium,	  unlabelled	  information	  will	  remain	  
most	  probably	  incomprehensible	  by	  the	  user.	  For	  example	  on	  the	  bottom	  part	  of	  the	  screen	  
there	  is	  a	  field	  which	  is	  supposed	  to	  be	  displaying	  the	  name	  of	  the	  next	  street	  to	  turn	  in	  to.	  
This	   field	   is	   not	   labelled	   and	   is	   separated	   from	   other	   relevant	   information	   it	   should	   have	  
been	  grouped	  with	  ‘direction’	  and	  ‘distance	  to	  next	  turn’.	  	  
[UI23.]	  	   No	  current	  road	  name	  on	  the	  display	  (M)	  
The	  lack	  of	  the	  current	  road	  name	  is	  quite	  disturbing.	  It	  makes	  it	  impossible	  for	  the	  driver	  to	  
match	  the	  information	  of	  the	  physical	  world	  to	  that	  of	  the	  device.	  
[UI24.]	  	   Next	  road	  name	  field	  location	  (M)	  
On	   the	   bottom	   part	   of	   the	   screen,	   the	   field	   represents	   the	   name	   of	   the	   next	   road.	   This	  
should	   have	   been	   somehow	   linked	   to	   the	   turn	   indicator	   above.	   The	   location	   of	   this	   field	  
makes	  it	  unusable	  as	  it	  is	  quite	  small	  and	  on	  the	  edge.	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[UI25.]	  	   Inappropriate	  use	  of	  screen	  space	  (M)	  
It	   is	   also	   quite	   interesting	   to	   examine	   the	   screen	   space	   occupied	   by	   the	   map	   and	   other	  
information	   provided	   by	   the	   device.	   Important	   information	   such	   as	   the	   turn	   indicator,	  
distance	  indicator,	  and	  next	  road	  name,	  occupy	  only	  a	  fraction	  of	  the	  screen	  space,	  while	  the	  
map	  the	  majority	  of	  it.	  It	  is	  very	  unlikely	  that	  the	  user	  will	  try	  to	  understand	  the	  map,	  while	  
making	  a	  turn	  –	  should	  be	  looking	  on	  the	  road.	  The	  bottom	  part	  of	  the	  screen	  needs	  to	  be	  
enhanced	   to	   facilitate	   easier	   and	   faster	   understanding	   by	   the	   user	   under	   these	  
circumstances.	   For	   example,	   it	   can	   temporarily	   occupy	   more	   space	   on	   the	   screen	   before	  
taking	  a	  turn.	  
[UI26.]	  	   Information	  overload	  on	  the	  screen	  display	  (M)	  
There	  is	  more	  information	  than	  needed	  in	  the	  display	  that	  can	  only	  increase	  the	  difficulty	  
of	  the	  user	  to	  identify	  the	  information	  needed.	  
	  
[UI27.]	  	   Confusing	  turn	  indicators	  	  (M)	  
Multiple	   arrows	   appear	   on	   the	   turn	   indicator	   display.	   The	   user	   can	   be	   easily	   confused	   or	  
distracted	  if	  he	  tries	  to	  decipher	  their	  meaning.	  As	  a	  result	  the	  user	  might	  not	  make	  the	  turn	  
as	  prompted	  by	  the	  voice	  instruction	  or	  get	  distracted	  by	  the	  device.	  
[UI28.]	  	   Correct	  direction	  of	  the	  car	  (NF)	  
It	  is	  not	  clear	  to	  the	  driver	  if	  the	  direction	  of	  the	  car	  is	  correctly	  captured	  by	  the	  device.	  	  
	  
[UI29.]	  	   Incorrect	  instruction	  for	  crossing	  a	  junction	  (M)	  
There	  are	  conflicting	  messages	  perceived	  by	  the	  driver.	  Different	   instructions	  appear	  to	  be	  
coming	  from	  the	  turn	  indicator	  and	  the	  map.	   	  There	  is	  a	  big	  arrow	  prompting	  the	  driver	  to	  
turn	   left,	   although	  he	   is	   expected	   to	   continue	   straight.	  As	   the	  driver	  has	  not	   received	  any	  
instruction	  by	  the	  system,	  turning	  right	  at	  the	  junction	  is	  a	  strong	  candidate.	  	  	  
[UI30.]	  	   Automatic	  recalculations	  leaves	  the	  user	  temporarily	  without	  direction	  (NF)	  
If	   the	   driver	   misses	   a	   turn	   or	   a	   drive	   down	   the	   wrong	   road,	   a	   new	   route	   is	   calculated	  
automatically,	  based	  on	  the	  new	  position	  and	  direction	  of	  travel.	  This	  cannot	  be	  captured	  by	  
the	  method	  as	  it	  does	  not	  examine	  erroneous	  task	  paths.	  Furthermore,	  these	  circumstances	  
cannot	  be	  generated	  by	  the	  simulation.	  
[UI31.]	  	   There	  are	  no	  wrong	  turns	  for	  the	  users	  (the	  user	  is	  always	  right)	  (NF)	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In	  this	  design	  there	  is	  almost	  no	  wrong	  turn	  for	  the	  driver,	  as	  it	  will	  always	  redirect	  the	  user	  
through	   a	   newly	   generated	   route.	   This	   cannot	   be	   captured	   by	   the	  method	   as	   it	   does	   not	  
examine	  erroneous	   task	  paths.	   Furthermore,	   these	   circumstances	   cannot	   be	   generated	  by	  
the	  simulation.	  
[UI32.]	  	   Mismatch	  between	  information	  on	  the	  turn	  indicator	  and	  the	  route	  on	  map	  
(M)	  
There	   is	   a	   mismatch	   between	   the	   vocal	   instruction	   and	   the	   map	   as	   shown	   on	   the	   visual	  
display.	  According	  to	  the	  vocal	   instruction	  the	  driver	   is	  expected	  to	  turn	   left	  and	  then	  turn	  
right,	  while	  the	  physical	  layout	  on	  the	  map	  suggests	  that	  the	  driver	  will	  first	  turn	  right,	  then	  
left	  and	  right	  again.	  
[UI33.]	  	   Inconsistency	  in	  next	  road	  field	  	  (M)	  
There	  is	  an	  inconsistency	  in	  respect	  to	  the	  field	  of	  the	  bottom	  of	  the	  screen,	  where	  the	  name	  
of	  the	  next	  street	  to	  turn	  onto	  appears.	  For	  example,	  when	  the	  driver	  is	  already	  on	  ‘Florida	  
Street’,	   he	   is	   expected	   to	   make	   a	   turn	   on	   this	   street	   again.	   Although	   this	   information	   is	  
correct	   as	   the	   same	   street	   continues,	   it	   is	   not	   clear	   from	   the	   system	   that	   the	   driver	   just	  
keeps	  on	  going	  on	  the	  same	  street.	  
[UI34.]	  	   Lack	  of	  positive	  feedback	  (M)	  
The	  assessment	  of	  feedback	  is	  integral	  to	  the	  method	  and	  such	  issues	  should	  be	  identified	  by	  
it.	  
[UI35.]	  	   Reduced	  visibility	  of	  the	  screen	  (sun	  glare)	  (NF)	  
The	  method	  does	  not	  take	  into	  account	  such	  environmental	  parameters	  in	  the	  evaluation.	  As	  
a	  result	  such	  issues	  are	  not	  identified.	  
[UI36.]	  	   Lack	  of	  valid	  GPS	  signal	  (NF)	  
As	   also	   stated	   in	   the	   modalities	   the	   quality	   of	   the	   GPS	   signal	   can	   alter	   significantly	   the	  
interaction,	   as	   the	   system	   cannot	   calculate	   the	   correct	   route,	   thus	   giving	   incorrect	  
instructions	   to	   the	   driver.	   The	   method	   does	   not	   take	   into	   account	   such	   environmental	  
parameters	  in	  the	  evaluation.	  As	  a	  result	  such	  issues	  are	  not	  identified.	  
[UI37.]	  	   No	  redundancy	  of	  information	  between	  voice	  and	  visual	  modalities	  (NF)	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As	  the	  acoustical	   information	  provided	  is	  dynamic	  the	  user	  does	  not	  readily	  have	  access	  to	  
the	  information.	  Consequently,	  all	  acoustical	  information	  should	  also	  be	  easily	  accessible	  as	  
a	  visual	  modality.	  The	  method	  does	  not	  address	  per	  se	  the	  issue	  of	  redundancy.	  	  
[UI38.]	  	   Insufficient	  design	  integration	  with	  the	  environment	  (NF)	  
The	  design	  should	  promote	  the	  better	   integration	  of	   the	  device	  to	  the	  environment	  of	   the	  
user.	  For	  example	  the	  voice	  instructions	  could	  contain	  the	  name	  of	  the	  road	  that	  the	  driver	  is	  
expected	  to	  turn	  to.	  The	  method	  does	  not	  take	  into	  account	  such	  environmental	  parameters	  
in	  the	  evaluation.	  As	  a	  result	  such	  issues	  are	  not	  identified.	  
[UI39.]	  	   Protracted	  glances	  on	  the	  device	  (NF)	  
The	  researcher	  can	  only	  make	  limited	  assessment	  of	  the	  distraction	  of	  the	  driver	  during	  the	  
use	  of	  the	  device	  attributed	  to	  the	  complexity	  of	  the	  tasks.	  
[UI40.]	  	   User	  in	  near-­‐miss	  when	  entering	  a	  roundabout	  (NF)	  
The	  total	   lack	  of	  voice	  instructions	  in	  addition	  to	  the	  lack	  of	  good	  visual	  cues	  is	  a	  challenge	  
for	  navigating	  within	  roundabout	  systems.	  They	  create	  confusion	  with	  the	  user,	  resulting	  in	  
an	  annoyed	  user	  staring	  at	  the	  device	  for	  prolonged	  periods	  of	  time	  in	  order	  to	  understand	  
what	  is	  happening.	   	  This	  condition	  resulted	  to	  a	  near-­‐miss	   incident,	  as	  the	  driver	  entered	  a	  
roundabout	  without	  properly	   checking	  priorities	   as	  he	  was	   concentrating	  on	   the	  device	   at	  
the	  time.	  
[UI41.]	  	   Wrong	  turn	  on	  junction	  (NF)	  
This	   occurred	  while	   the	   user	   had	   deviated	   from	   the	   route.	   As	   such	   it	   cannot	   be	   detected	  
using	  the	  method.	  
[UI42.]	  	   Error	  recovery	  &	  rerouting	  (NF)	  
Cognitive	   Walkthrough	   as	   applied	   to	   the	   system	   incorporates	   some	   features	   to	   describe	  
potential	  errors.	  It	  does	  not	  cater	  though	  for	  steps	  taken	  to	  recover	  following	  such	  errors.	  	  
[UI43.]	  	   System	  resilience	  (NF)	  
The	  method	  allowed	  us	  to	  identify	  various	  erroneous	  situations	  that	  might	  compromise	  the	  
overall	  safety.	  The	  application	  of	  this	  method	  does	  not	  allow	  assessing	  the	  resilience	  of	  the	  
system	  when	  such	  errors	  occur	  (e.g.,	  lack	  of	  GPS	  signal,	  map	  quality,	  etc).	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[UI44.]	  	   User	  trust	  (NF)	  
The	  researcher	  can	  only	  assess	  to	  an	  extended	  degree	  the	  user’s	  trust	   in	  the	  device	  as	   it	   is	  
affected	  by	   the	  potential	   errors.	  A	  more	   realistic	   gauging	  of	   the	   situation	   can	  be	  achieved	  
using	  empirical	  tools.	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UAN	  
(M):	  Found	  by	  method	  
(NF):	  Not	  found	  by	  method	  
[UI1.]	  	   Inappropriate	  turn	  indicator	  for	  roundabouts	  (M)	  
	  The	  adequateness	  of	  the	  indicator	  is	  captured	  during	  the	  specification	  of	  the	  interface.	  
[UI2.]	  	   Inaccurate	  voice	  instruction	  in	  roundabout	  (M)	  
	  The	   issue	   was	   identified	   during	   the	   specification	   of	   the	   interface,	   as	   it	   was	   part	   of	   the	  
simulation	  under	  assessment.	  
[UI3.]	  	   Inefficient	  guidance	  in	  roundabout	  (M)	  
The	  lack	  of	  available	  guidance	  is	  evident	  to	  the	  researcher	  when	  describing	  the	  interface.	  
[UI4.]	  	   No	  exit	  instruction	  from	  roundabout	  (NF)	  
This	  part	  of	  the	  interface	  was	  apparent	  in	  the	  simulation	  provided	  for	  the	  evaluation	  of	  the	  
interface.	  
[UI5.]	  	   User	  takes	  an	  early	  turn	  (NF)	  
	  This	   is	   not	   possible	   to	   predict	   based	   on	   the	   description	   of	   the	   interface	   and	   the	   current	  
situation	  the	  user	  is	  in.	  
[UI6.]	  	   User	  uncertain	  about	  entering	  roundabout	  (NF)	  
The	  analytical	  method	  did	  not	  pick	  up	  this	  particular	  issue.	  	  Nevertheless	  the	  particular	  issue	  
can	  be	  attributed	  to	  various	  design	  issues	  identified	  during	  the	  analysis.	  	  
[UI7.]	  	   User	  takes	  wrong	  exit	  from	  Aldgate	  Roundabout	  at	  Whitechapel	  High	  Street	  
(NF)	  
	  It	   is	  not	  possible	  to	  predict	  such	  user	  behaviour	  by	  specification	  done.	  This	  potentially	  can	  
be	  achieved	  to	  some	  degree,	  if	  we	  try	  to	  assess	  the	  complexity	  of	  the	  interface	  at	  the	  given	  
time.	  
[UI8.]	  	   User	  on	  wrong	  lane	  misses	  exit	  from	  roundabout	  (NF)	  
This	  cannot	  be	  captured	  as	  the	  environment	  is	  not	  explicitly	  described	  in	  the	  specification.	  	  
[UI9.]	  	   User	  takes	  wrong	  exit	  in	  roundabout	  (NF)	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The	  method	  can	  potentially	  predict	  some	  an	   issue	  based	  on	  the	  problems	  recorded	  on	  the	  
design	  of	  the	  interface.	  
[UI10.]	  	   No	  voice	  feedback	  when	  route	  is	  being	  recalculated	  (NF)	  
	  Such	  feedback	  would	  be	  provided	  if	  the	  simulation	  could	  include	  rerouting	  issue.	  UAN	  could	  
potentially	  identify	  the	  issue	  if	  the	  simulation	  can	  be	  modified	  to	  incorporate	  those	  aspects	  
of	  the	  interaction.	  	  
[UI11.]	  	   No	  voice	  feedback	  for	  crossing	  a	  junction	  (M)	  
	  The	  driver	  is	  still	  not	  guided	  by	  the	  device.	  Again	  the	  driver	  will	  be	  confused	  at	  the	  junction,	  
as	   there	   is	   no	   clear	   indication	   on	   what	   is	   expected	   to	   be	   done.	   There	   is	   no	   instruction	  
generated	  for	   the	  driver	  on	  what	   is	  expected.	  The	  correct	  action	   is	  not	  readily	  available	  to	  
the	  user.	  
[UI12.]	  	   Non	  Informative	  voice	  instructions	  (NF)	  
	  The	  specification	  does	  not	  focus	  on	  auditory	  modalities.	  
[UI13.]	  	   Infrequent	  /	  Lack	  of	  auditory	  instructions	  (NF)	  
	  The	  specification	  does	  not	  focus	  on	  auditory	  modalities.	  
[UI14.]	  	   Ineffectiveness	  of	  voice	  instructions	  (noise,	  volume,	  etc.)	  (NF)	  
	  The	  specification	  does	  not	  focus	  on	  auditory	  modalities.	  Furthermore	  environmental	  issues	  
are	  not	  captured	  by	  the	  specification.	  
[UI15.]	  	   Imprecise	  voice	  instructions	  (M)	  
	  The	  detailed	  analysis	  (level	  of	  abstraction)	  of	  the	  interface	  allows	  the	  researcher	  to	  identify	  
this	  kind	  of	  issue.	  
[UI16.]	  	   Timeliness	  of	  auditory	  instructions	  (NF)	  
	  The	  method	  does	  allow	  such	  issues	  to	  be	  adequately	  captured.	  
[UI17.]	  	   Early	  instructions	  might	  mislead	  user	  (NF)	  
	  This	  issue	  refers	  to	  the	  cognitive	  load	  of	  the	  users	  and	  would	  not	  be	  captured	  as	  such	  by	  the	  
method.	  
[UI18.]	  	   Extraneous	  voice	  instruction	  at	  critical	  points	  (NF)	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  This	  issue	  refers	  to	  the	  cognitive	  load	  of	  the	  users	  and	  would	  not	  be	  captured	  as	  such	  by	  the	  
method.	  
[UI19.]	  	   Users	   ignore	   the	   auditory	   pre-­‐announcements	   to	   turns	   or	   additional	  
auditory	  information	  given	  (NF)	  
	  This	  issue	  refers	  to	  the	  cognitive	  load	  of	  the	  users	  and	  would	  not	  be	  captured	  as	  such	  by	  the	  
method.	  
[UI20.]	  	   No	  voice	  or	  visual	  instruction	  when	  the	  driver	  is	  about	  to	  start	  driving	  (M)	  
The	  issue	  was	  captured	  as	  the	  technique	  captures	  the	  current	  state	  of	  the	  interface.	  
	  
[UI21.]	  	   No	  indication	  of	  current	  road	  /	  final	  destination	  (M)	  
	  Visual	  design	  issues	  are	  easily	  identified	  by	  the	  method.	  
[UI22.]	  	   Lack	  of	  labels	  (M)	  
	  Visual	  design	  issues	  are	  easily	  identified	  by	  the	  method.	  
[UI23.]	  	   No	  current	  road	  name	  on	  the	  display	  (M)	  
	  Visual	  design	  issues	  are	  easily	  identified	  by	  the	  method.	  
[UI24.]	  	   Next	  road	  name	  field	  location	  (M)	  
	  Visual	  design	  issues	  are	  easily	  identified	  by	  the	  method.	  
[UI25.]	  	   Inappropriate	  use	  of	  screen	  space	  (M)	  
	  Visual	  design	  issues	  are	  easily	  identified	  by	  the	  method.	  
[UI26.]	  	   Information	  overload	  on	  the	  screen	  display	  (M)	  
	  The	  length	  of	  the	  description	  alone	  is	  a	  demonstrating	  the	  complexity	  of	  the	  interface.	  
[UI27.]	  	   Confusing	  turn	  indicators	  	  (M)	  
	  Visual	  design	  issues	  are	  easily	  identified	  by	  the	  method.	  
[UI28.]	  	   Correct	  direction	  of	  the	  car	  (NF)	  
As	   the	   environmental	   parameters	   are	   not	   explicitly	   described	   in	   the	   process	   the	   issue	   is	  
missed.	  
[UI29.]	  	   Incorrect	  instruction	  for	  crossing	  a	  junction	  (M)	  
The	  issue	  is	  part	  of	  the	  visual	  interface	  and	  is	  described	  by	  the	  specification.	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[UI30.]	  	   Automatic	  recalculations	  leaves	  the	  user	  temporarily	  without	  direction	  (NF)	  
This	  cannot	  be	  captured	  by	  the	  method	  as	  it	  does	  not	  examine	  erroneous	  task	  paths	  as	  these	  
circumstances	  cannot	  be	  generated	  by	   the	  simulation.	   If	   the	  simulation	  could	  be	  edited	   to	  
include	   them,	   the	   lack	  of	   the	  appropriate	  modality	  would	  help	   the	   researcher	   identify	   the	  
issue.	  
[UI31.]	  	   There	  are	  no	  wrong	  turns	  for	  the	  users	  (the	  user	  is	  always	  right)	  (NF)	  
In	  this	  design	  there	  is	  almost	  no	  wrong	  turns	  for	  the	  driver,	  as	  it	  will	  always	  redirect	  the	  user	  
through	   a	   newly	   generated	   route.	   This	   cannot	   be	   captured	   by	   the	  method	   as	   it	   does	   not	  
examine	  erroneous	   task	  paths.	   Furthermore,	   these	   circumstances	   cannot	   be	   generated	  by	  
the	  simulation.	  
[UI32.]	  	   Mismatch	  between	  information	  on	  the	  turn	  indicator	  and	  the	  route	  on	  map	  
(M)	  
The	   visual	   information	   is	   captured	  by	   the	   specification	  and	   can	  be	  easily	   compared	   to	   the	  
auditory	  information	  also	  included.	  
[UI33.]	  	   Inconsistency	  in	  next	  road	  field	  	  (M)	  
This	  issue	  was	  captured	  as	  the	  low	  level	  of	  analysis	  allows	  captured	  such	  issues	  pertinent	  to	  
the	  visual	  display.	  
[UI34.]	  	   Lack	  of	  positive	  feedback	  (NF)	  
Although	  no	  positive	  feedback	  was	  recorded	  in	  the	  specification,	  the	  level	  of	  abstraction	  did	  
not	  allow	  the	  method	  to	  capture	  this	  issue.	  
[UI35.]	  	   Reduced	  visibility	  of	  the	  screen	  (sun	  glare)	  (NF)	  
The	  method	  does	  take	  into	  account	  such	  environmental	  parameters	  in	  the	  evaluation.	  As	  a	  
result	  such	  an	  issue	  was	  not	  identified.	  	  
[UI36.]	  	   Lack	  of	  valid	  GPS	  signal	  (NF)	  
Environmental	  issue	  that	  cannot	  be	  captured	  with	  the	  methodology.	  
[UI37.]	  	   No	  redundancy	  of	  information	  between	  voice	  and	  visual	  modalities	  (NF)	  
This	  is	  not	  an	  issue	  considered	  in	  the	  processed	  prescribed	  by	  the	  methodology.	  	  
[UI38.]	  	   Insufficient	  design	  integration	  with	  the	  environment	  (NF)	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The	   level	   of	   abstraction	  of	   analysis	   and	   the	   instruments	  provided	  by	   the	  methodology,	  do	  
not	  provided	  for	  such	  insight	  in	  the	  application.	  
[UI39.]	  	   Protracted	  glances	  on	  the	  device	  (NF)	  
The	  researcher	  can	  only	  make	  limited	  assessment	  of	  the	  distraction	  of	  the	  driver	  during	  the	  
use	  of	   the	  device	  attributed	  to	  the	  complexity	  of	   the	  tasks.	  This	   is	  observed	  behaviour	  not	  
captured	  by	  analytical	  tools.	  
[UI40.]	  	   User	  in	  near-­‐miss	  when	  entering	  a	  roundabout	  (NF)	  
This	  is	  observed	  behaviour	  not	  captured	  by	  analytical	  tools.	  
[UI41.]	  	   Wrong	  turn	  on	  junction	  (NF)	  
This	   occurred	  while	   the	   user	   had	   deviated	   from	   the	   route.	   As	   such	   it	   cannot	   be	   detected	  
using	  the	  method.	  This	  is	  observed	  behaviour	  not	  captured	  by	  analytical	  tools.	  
[UI42.]	  	   Error	  recovery	  &	  rerouting	  (NF)	  
The	  methodology	  is	  limited	  to	  the	  simulation.	  As	  such	  it	  does	  not	  cater	  for	  issues	  that	  might	  
be	  dealt	  whilst	  rerouting	  or	  how	  the	  user	  behaves	  in	  order	  to	  recover	  from	  errors.	  	  
[UI43.]	  	   System	  resilience	  (NF)	  
The	  application	  of	   this	  method	  does	  not	  allow	  assessing	  the	  resilience	  of	   the	  system	  when	  
such	   errors	   occur	   (e.g.,	   lack	   of	   GPS	   signal,	   map	   quality,	   etc)	   as	   we	   can	   only	   simulate	   the	  
correct	  route.	  
[UI44.]	  	   User	  trust	  (NF)	  
The	  researcher	  can	  only	  assess	  to	  an	  extended	  degree	  the	  user’s	  trust	   in	  the	  device	  as	   it	   is	  
affected	  by	   the	  potential	   errors.	  A	  more	   realistic	   gauging	  of	   the	   situation	   can	  be	  achieved	  
using	  empirical	  tools.	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EMU	  
(M):	  Found	  by	  method	  
(NF):	  Not	  found	  by	  method	  
[UI1.]	  	   Inappropriate	  turn	  indicator	  for	  roundabouts	  (M)	  
There	   is	   only	   one	   icon	   on	   the	   turn	   indicator	   demonstrating	   visually	   to	   the	   driver	   on	   the	  
upcoming	  turn.	  This	  is	  insufficient	  and	  quite	  difficult	  for	  the	  user	  to	  comprehend.	  	  The	  driver	  
wouldn’t	  be	  able	  to	  make	  the	  right	  turn	  if	  he	  depended	  on	  the	  visual	  display	  alone.	  
[UI2.]	  	   Inaccurate	  voice	  instruction	  in	  roundabout	  (M)	  
The	  voice	  instruction	  is	  incorrect.	  If	  the	  driver	  counted	  the	  exits,	  he	  would	  have	  realised	  that	  
the	  desired	  exit	  is	  the	  fourth	  and	  not	  the	  third	  as	  instructed.	  	  
[UI3.]	  	   Inefficient	  guidance	  in	  roundabout	  (M)	  
At	   this	   point	   the	   driver	   has	   no	   guidance	   from	   the	   system.	   There	   have	   been	   several	  
opportunities	  to	  leave	  the	  current	  road	  and	  although	  he	  is	  facing	  an	  intersection,	  there	  is	  no	  
voice	   instruction	   coming	   from	   the	   device.	   The	   driver	   will	   have	   to	   look	   extensively	   at	   the	  
device	   to	   examine	   the	   suggested	   route.	   The	   driver	   will	   feel	   quite	   frustrated	   as	   he	   is	   in	   a	  
complex	   road	   system	   and	   no	   instructions	   are	   given.	  Moreover,	   since	   he	   is	   guided	   by	   the	  
device,	   he	   will	   feel	   quite	   disorientated	   and	   unsure	   of	   what	   to	   do	   next.	   This	   is	   a	   very	  
dangerous	   situation,	   as	   the	  driver	  will	   be	   looking	  at	   the	  device	  –	  eyes	  of	   the	   road	  –	  while	  
quite	  possibly	  getting	  extremely	  stressed.	  
[UI4.]	  	   No	  exit	  instruction	  from	  roundabout	  (NF)	  
The	  analytical	  method	  did	  not	  pick	  up	  this	  issue	  as	  it	  was	  not	  apparent	  in	  the	  simulation.	  
[UI5.]	  	   User	  takes	  an	  early	  turn	  (NF)	  
Although	   EMU	   describes	   the	  modalities	   active	   at	   the	   same	   time,	   it	   does	   not	   constitute	   a	  
clash	  pointing	  to	  the	  user	  action	  (user	  issue).	  
[UI6.]	  	   User	  uncertain	  about	  entering	  roundabout	  (NF)	  
The	  analytical	  method	  did	  not	  pick	  up	  this	  particular	  issue.	  	  Nevertheless	  the	  particular	  issue	  
can	   be	   attributed	   to	   various	   design	   issues	   identified	   during	   the	   analysis.	   The	   issue	   stems	  
from	  the	  general	  design	  and	  not	  the	  particular	  modalities	  occurring	  at	  the	  particular	  time.	  
Appendix	  VI	  
	  	   189	  |	  P a g e 	  
[UI7.]	  	   User	  takes	  wrong	  exit	  from	  Aldgate	  Roundabout	  at	  Whitechapel	  High	  Street	  
(NF)	  
In	   order	   to	   be	   able	   to	   predict	   such	   instances	   we	   will	   need	   to	   look	   more	   closely	   at	   the	  
complexity	  of	  the	  modalities	  described.	  Although	  there	  is	  not	  a	  clash	  that	  would	  allow	  us	  to	  
identify	  an	  issue	  the	  length	  of	  the	  modalities	  could	  be	  an	  indicator	  for	  probable	  errors.	  
[UI8.]	  	   User	  on	  wrong	  lane	  misses	  exit	  from	  roundabout	  (NF)	  
The	   lane	   system	   is	   part	   of	   the	   environment	   that	  was	   not	   taken	   into	   consideration	   during	  
analysis,	  as	  it	  is	  not	  captured	  by	  the	  simulation.	  
[UI9.]	  	   User	  takes	  wrong	  exit	  in	  roundabout	  
A	   user	   does	   not	   receive	   appropriate	   instructions	   and	   makes	   a	   wrong	   turn	   at	   the	   Arnold	  
circus	   roundabout.	   The	   level	   of	   detail	   provided	   by	   the	   simulation	   allows	   the	   method	   to	  
identify	  this	  issue.	  
[UI10.]	  	   No	  voice	  feedback	  when	  route	  is	  being	  recalculated	  (NF)	  
Such	  feedback	  would	  be	  provided	   if	  the	  simulation	  could	   include	  rerouting	   issue.	  The	  EMU	  
analysis	  could	  potentially	  identify	  the	  issue	  if	  the	  simulation	  can	  be	  modified	  to	  incorporate	  
those	  aspects	  of	  the	  interaction.	  	  
[UI11.]	  	   No	  voice	  feedback	  for	  crossing	  a	  junction	  (M)	  
The	  driver	  is	  still	  not	  guided	  by	  the	  device.	  Again	  the	  driver	  will	  be	  confused	  at	  the	  junction,	  
as	   there	   is	   no	   clear	   indication	   on	   what	   is	   expected	   to	   be	   done.	   There	   is	   no	   instruction	  
generated	  for	   the	  driver	  on	  what	   is	  expected.	  The	  correct	  action	   is	  not	  readily	  available	   to	  
the	  user.	  
[UI12.]	  	   Non-­‐informative	  voice	  instructions	  (M)	  
The	   quality	   and	   preciseness	   of	   the	   voice	   instruction	   is	   a	   core	   issue	   in	   the	   usability	   of	   the	  
device,	  as	  it	  ensures	  that	  drivers	  are	  not	  required	  to	  spend	  much	  time	  looking	  at	  the	  display	  
of	   the	   device	   while	   driving.	   The	   voice	   instructions	   are	   currently	   inadequate;	   they	   do	   not	  
convey	  enough	  information,	  such	  as	  the	  name	  of	  the	  road	  that	  the	  driver	  is	  expected	  to	  turn	  
to.	   The	   extensions	   provided	   by	   the	   method	   (e.g.,	   design	   suggestions,	   other	   comments)	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[UI13.]	  	   Infrequent	  /	  Lack	  of	  auditory	  instructions	  (M)	  
Another	  concern	  apparent	  in	  the	  interaction	  with	  the	  device	  is	  the	  lack	  of	  voice	  instructions	  
coming	   from	   the	   device.	   Prolonged	   periods	   of	   silence	   leave	   the	   user	   unsure	   of	   what	   is	  
expected	  to	  be	  done.	  	  	  
[UI14.]	  	   Ineffectiveness	  of	  voice	  instructions	  (noise,	  volume,	  etc.)	  (M)	  
As	   EMU	   takes	   into	   consideration	   issues	   pertinent	   to	   the	   environment,	   it	   allows	   for	   the	  
identification	  of	  such	  issues.	  	  
[UI15.]	  	   Imprecise	  voice	  instructions	  (M)	  
The	   driver	   is	   facing	   a	   mismatch	   between	   the	   voice	   and	   visual	   instructions.	   The	   voice	  
instruction	   provided	   by	   the	   system	   is	   incorrect,	   as	   there	   is	   another	   turn,	   before	   the	   one	  
meant	   by	   the	   device	   (as	   the	   route	   is	   drawn	   on	   the	   display).	   As	   a	   result,	   a	   different	   than	  
intended	  route	  is	  taken;	  an	  alternative	  route	  is	  recalculated	  by	  the	  system.	  
As	  a	  result,	  if	  the	  driver	  does	  not	  examine	  the	  route	  as	  shown	  on	  the	  display,	  he	  will	  end	  up	  
turning	  left	  on	  the	  wrong	  road.	  
[UI16.]	  	   Timeliness	  of	  auditory	  instructions	  (NF)	  
The	  short	  distance	  between	  the	  turn	  does	  not	  provide	  the	  user	  with	  enough	  time	  to	  check	  
the	  instructions	  on	  the	  screen	  resulting	  on	  total	  dependence	  at	  certain	  times	  on	  the	  device’s	  
voice	  instructions.	  This	  was	  not	  apparent	  in	  the	  simulation	  used	  for	  the	  analysis.	  	  
[UI17.]	  	   Early	  instructions	  might	  mislead	  user	  (M)	  
Providing	  voice	  instructions	  to	  the	  user	  in	  a	  timely	  manner	  is	  crucial	  for	  the	  operation	  of	  the	  
navigation	  device.	  Giving	  the	  instruction	  too	  early	  might	  lead	  the	  user	  to	  take	  a	  wrong	  turn,	  
as	  it	  conflicts	  with	  other	  information	  (temporal	  clash).	  	  
[UI18.]	  	   Extraneous	  voice	  instruction	  at	  critical	  points	  (M)	  
	  The	   modalities	   can	   be	   potentially	   assessed	   for	   their	   complexity	   and	   their	   impact	   on	   the	  
interaction.	   This	   is	   particularly	   important	   when	   we	   have	   concurrent	   modalities	   that	  
necessitate	  the	  attention	  of	  the	  user	  (temporal	  clash).	  
[UI19.]	  	   Users	   ignore	   the	   auditory	   pre-­‐announcements	   to	   turns	   or	   additional	  
auditory	  information	  given	  (NF)	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Although	  EMU	  describes	  in	  the	  modalities	  the	  information	  available	  to	  the	  user	  it	  is	  not	  offer	  
the	  constructs	  to	  predict	  when	  such	  modalities	  might	  be	  dismissed	  by	  the	  user	  due	  to	  their	  
complexity.	  
[UI20.]	  	   No	  voice	  or	  visual	  instruction	  when	  the	  driver	  is	  about	  to	  start	  driving	  (M)	  
The	   lack	  of	  appropriate	  modalities	  at	   this	  stage	  help	  the	  researcher	  pinpoint	   the	  particular	  
issue.	  
	  
[UI21.]	  	   No	  indication	  of	  current	  road	  /	  final	  destination	  (NF)	  
The	   level	  of	   abstraction	  used	  during	   the	  evaluation	  did	  not	  allow	  capturing	   such	   issues.	   In	  
any	  case	  capturing	  such	  an	   issue	  depends	  on	  the	  experience	  of	   the	  researcher	   to	  miss	   the	  
presence	  of	  such	  a	  modality.	  
[UI22.]	  	   Lack	  of	  labels	  (NF)	  
	  The	   level	  of	  abstraction	  used	  during	  the	  evaluation	  did	  not	  allow	  capturing	  such	   issues.	   In	  
any	  case	  capturing	  such	  an	   issue	  depends	  on	  the	  experience	  of	   the	  researcher	   to	  miss	   the	  
presence	  of	  such	  a	  modality.	  
[UI23.]	  	   No	  current	  road	  name	  on	  the	  display	  (NF)	  
The	   level	  of	   abstraction	  used	  during	   the	  evaluation	  did	  not	  allow	  capturing	   such	   issues.	   In	  
any	  case	  capturing	  such	  an	   issue	  depends	  on	  the	  experience	  of	   the	  researcher	   to	  miss	   the	  
presence	  of	  such	  a	  modality.	  
[UI24.]	  	   Next	  road	  name	  field	  location	  (NF)	  
The	   level	  of	   abstraction	  used	  during	   the	  evaluation	  did	  not	  allow	  capturing	   such	   issues.	   In	  
any	  case	  capturing	  such	  an	   issue	  depends	  on	  the	  experience	  of	   the	  researcher	   to	  miss	   the	  
presence	  of	  such	  a	  modality.	  
[UI25.]	  	   Inappropriate	  use	  of	  screen	  space	  (M)	  
The	   identification	  of	  multiple	  system	  modalities	  helps	   the	   researcher	  assess	   the	  use	  of	   the	  
limited	  space	  offer	  by	  the	  device	  display.	  
[UI26.]	  	   Information	  overload	  on	  the	  screen	  display	  (M)	  
As	   discussed	   before	   the	   number	   of	   multiple	   concurrent	   visual	   modalities	   indicate	   that	  
potential	  problems	  might	  arise,	  as	  the	  user	  is	  flooded	  with	  information.	  	  
[UI27.]	  	   Confusing	  turn	  indicators	  	  (M)	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The	  difficulty	  of	   the	  researcher	   in	  describing	  the	  multiple	   turn	   indicators	  used	  at	   the	  same	  
time	  signify	  the	  potential	  problems	  that	  user	  might	  have	  comprehending	  them.	  
[UI28.]	  	   Correct	  direction	  of	  the	  car	  (M)	  
As	  the	  environmental	  parameters	  are	  explicitly	  described	   in	  the	  process,	   the	  thoroughness	  
of	  the	  appropriate	  scenario	  allows	  for	  the	  detections	  of	  this	  usability	  issue.	  
[UI29.]	  	   Incorrect	  instruction	  for	  crossing	  a	  junction	  (M)	  
	  The	   semantic	   clash	   of	  modalities	   between	   the	   different	   sources	   of	   information	   points	   to	  
another	  potential	  usability	  issue.	  
[UI30.]	  	   Automatic	  recalculations	  leaves	  the	  user	  temporarily	  without	  direction	  (NF)	  
If	   the	   driver	   misses	   a	   turn	   or	   a	   drive	   down	   the	   wrong	   road,	   a	   new	   route	   is	   calculated	  
automatically,	  based	  on	  the	  new	  position	  and	  direction	  of	  travel.	  This	  cannot	  be	  captured	  by	  
the	  method	  as	  it	  does	  not	  examine	  erroneous	  task	  paths	  due	  as	  these	  circumstances	  cannot	  
be	  generated	  by	  the	  simulation.	  If	  the	  simulation	  could	  be	  edited	  to	  include	  them,	  the	  lack	  of	  
the	  appropriate	  modality	  would	  help	  the	  researcher	  identify	  the	  issue.	  
[UI31.]	  	   There	  are	  no	  wrong	  turns	  for	  the	  users	  (the	  user	  is	  always	  right)	  (NF)	  
In	  this	  design	  there	  is	  almost	  no	  wrong	  turn	  for	  the	  driver,	  as	  it	  will	  always	  redirect	  the	  user	  
through	   a	   newly	   generated	   route.	   This	   cannot	   be	   captured	   by	   the	  method	   as	   it	   does	   not	  
examine	  erroneous	   task	  paths.	   Furthermore,	   these	   circumstances	   cannot	   be	   generated	  by	  
the	  simulation.	  
[UI32.]	  	   Mismatch	  between	  information	  on	  the	  turn	  indicator	  and	  the	  route	  on	  map	  
(NF)	  
Another	   semantic	   clash	   between	   the	   modalities	   representing	   redundant	   information	   that	  
might	  crease	  confusion	  to	  the	  user.	  
[UI33.]	  	   Inconsistency	  in	  next	  road	  field	  	  (NF)	  
This	  issue	  was	  missed	  mainly	  due	  to	  the	  level	  of	  abstraction	  employed	  during	  the	  analysis.	  In	  
any	  case	  the	  consistency	  of	  design	  is	  not	  a	  focus	  of	  the	  method.	  
[UI34.]	  	   Lack	  of	  positive	  feedback	  (M)	  
Although	  there	  no	  modality	  clashes,	  the	  lack	  of	  modalities	  relating	  to	  positive	  feedback	  was	  
detected	  by	  the	  method.	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[UI35.]	  	   Reduced	  visibility	  of	  the	  screen	  (sun	  glare)	  (M)	  
The	  method	  does	  take	  into	  account	  such	  environmental	  parameters	  in	  the	  evaluation.	  As	  a	  
result	   such	   an	   issue	   was	   identified.	   The	   extent	   to	   the	   issues	   identified	   depends	   on	   the	  
thoroughness	  of	  the	  environmental	  profile	  composed	  during	  the	  analysis.	  	  
[UI36.]	  	   Lack	  of	  valid	  GPS	  signal	  (M)	  
As	   also	   stated	   in	   the	   modalities	   the	   quality	   of	   the	   GPS	   signal	   can	   alter	   significantly	   the	  
interaction,	   as	   the	   system	   cannot	   calculate	   the	   correct	   route,	   thus	   giving	   incorrect	  
instructions	  to	  the	  driver.	  Again	  the	  environmental	  profile	  assists	  the	  researcher	  in	  detecting	  
such	  issues.	  
[UI37.]	  	   No	  redundancy	  of	  information	  between	  voice	  and	  visual	  modalities	  (M)	  
As	  the	  acoustical	   information	  provided	  is	  dynamic	  the	  user	  does	  not	  readily	  have	  access	  to	  
the	  information.	  Consequently,	  all	  acoustical	  information	  should	  also	  be	  easily	  accessible	  as	  
a	  visual	  modality.	  As	  a	  result	  some	  modalities	  are	  not	  available	  to	  the	  user.	  
[UI38.]	  	   Insufficient	  design	  integration	  with	  the	  environment	  (M)	  
The	  design	  should	  promote	  the	  better	   integration	  of	   the	  device	  to	  the	  environment	  of	   the	  
user.	  For	  example	  the	  voice	  instructions	  could	  contain	  the	  name	  of	  the	  road	  that	  the	  driver	  is	  
expected	  to	  turn	  to.	  The	  method	  does	  not	  take	  into	  account	  such	  environmental	  parameters	  
in	  the	  evaluation.	  As	  a	  result	  such	  issues	  are	  not	  identified.	  
[UI39.]	  	   Protracted	  glances	  at	  the	  device	  (NF)	  
The	  researcher	  can	  only	  make	  limited	  assessment	  of	  the	  distraction	  of	  the	  driver	  during	  the	  
use	  of	   the	  device	  attributed	  to	  the	  complexity	  of	   the	  tasks.	  This	   is	  observed	  behaviour	  not	  
captured	  by	  analytical	  tools.	  
[UI40.]	  	   User	  in	  near-­‐miss	  when	  entering	  a	  roundabout	  (NF)	  
This	  is	  observed	  behaviour	  not	  captured	  by	  analytical	  tools.	  
[UI41.]	  	   Wrong	  turn	  on	  junction	  (NF)	  
This	   occurred	  while	   the	   user	   had	   deviated	   from	   the	   route.	   As	   such	   it	   cannot	   be	   detected	  
using	  the	  method.	  This	  is	  observed	  behaviour	  not	  captured	  by	  analytical	  tools.	  
[UI42.]	  	   Error	  recovery	  &	  rerouting	  (NF)	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Cognitive	   Walkthrough	   as	   applied	   to	   the	   system	   incorporates	   some	   features	   to	   describe	  
potential	  errors.	  It	  does	  not	  cater	  though	  for	  steps	  taken	  to	  recover	  following	  such	  errors.	  	  
[UI43.]	  	   System	  resilience	  (NF)	  
The	  method	  allowed	  us	  to	  identify	  various	  erroneous	  situations	  that	  might	  compromise	  the	  
overall	  safety.	  The	  application	  of	  this	  method	  does	  not	  allow	  assessing	  the	  resilience	  of	  the	  
system	  when	   such	   errors	   occur	   (e.g.,	   lack	   of	   GPS	   signal,	  map	   quality,	   etc)	   as	  we	   can	   only	  
simulate	  the	  correct	  route.	  
[UI44.]	  	   User	  trust	  (NF)	  
The	  researcher	  can	  only	  assess	   to	  an	  extended	  degree	   the	  user	   trust	  on	   the	  device	  as	   it	   is	  
affected	  from	  the	  potential	  errors.	  A	  more	  realistic	  gauging	  on	  the	  situation	  can	  be	  achieved	  
using	  empirical	  tools.	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DG	  	  
(M):	  Found	  by	  method	  
(NF):	  Not	  found	  by	  method	  
[UI1.]	  	   Inappropriate	  turn	  indicator	  for	  roundabouts	  (M)	  
(DG	  50)	  
[UI2.]	  	   Inaccurate	  voice	  instruction	  in	  roundabout	  (M)	  
(DG	  2,	  12	  &	  13)	  	  
[UI3.]	  	   Inefficient	  guidance	  in	  roundabout	  (M)	  
(DG	  2,	  12	  &	  13)	  	  
[UI4.]	  	   No	  exit	  instruction	  from	  roundabout	  (NF)	  
-­‐	  
[UI5.]	  	   User	  takes	  an	  early	  turn	  (NF)	  
-­‐	  
[UI6.]	  	   User	  uncertain	  about	  entering	  roundabout	  (NF)	  
-­‐	  
[UI7.]	  	   User	  takes	  wrong	  exit	  from	  Aldgate	  Roundabout	  at	  Whitechapel	  High	  Street	  
(NF)	  
-­‐	  
[UI8.]	  	   User	  on	  wrong	  lane	  misses	  exit	  from	  roundabout	  (NF)	  
-­‐	  
[UI9.]	  	   User	  takes	  wrong	  exit	  in	  roundabout	  (NF)	  
-­‐	  
[UI10.]	  	   No	  voice	  feedback	  when	  route	  is	  being	  recalculated	  (NF)	  
-­‐	  	  
[UI11.]	  	   No	  voice	  feedback	  for	  crossing	  a	  junction	  (NF)	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-­‐	  
[UI12.]	  	   Non-­‐informative	  voice	  instructions	  (M)	  
(DG	  13).	  
[UI13.]	  	   Infrequent	  /	  Lack	  of	  auditory	  instructions	  (M)	  
(DG	  2,	  12	  &	  13).	  	  	  
[UI14.]	  	   Ineffectiveness	  of	  voice	  instructions	  (noise,	  volume,	  etc.)	  (NF)	  
-­‐	  	  
[UI15.]	  	   Imprecise	  voice	  instructions	  (M)	  
(DG	  37)	  
[UI16.]	  	   Timeliness	  of	  auditory	  instructions	  (NF)	  
.	  	  
[UI17.]	  	   Early	  instructions	  might	  mislead	  user	  (M)	  
(DG	  45)	  	  	  
[UI18.]	  	   Extraneous	  voice	  instruction	  at	  critical	  points	  (M)	  
	  (DG	  2	  &	  17)	  
[UI19.]	  	   Users	   ignore	   the	   auditory	   pre-­‐announcements	   to	   turns	   or	   additional	  
auditory	  information	  given	  (NF)	  
-­‐	  
[UI20.]	  	   No	  voice	  or	  visual	  instruction	  when	  the	  driver	  is	  about	  to	  start	  driving	  (M)	  
The	   lack	  of	  appropriate	  modalities	  at	   this	  stage	  help	  the	  researcher	  pinpoint	   the	  particular	  
issue.	  
	  
[UI21.]	  	   No	  indication	  of	  current	  road	  /	  final	  destination	  (NF)	  
-­‐	  
[UI22.]	  	   Lack	  of	  labels	  (M)	  
	  (DG	  54)	  
[UI23.]	  	   No	  current	  road	  name	  on	  the	  display	  (NF)	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-­‐	  
[UI24.]	  	   Next	  road	  name	  field	  location	  (M)	  
The	   level	  of	   abstraction	  used	  during	   the	  evaluation	  did	  not	  allow	  capturing	   such	   issues.	   In	  
any	  case	  capturing	  such	  an	   issue	  depends	  on	  the	  experience	  of	   the	  researcher	   to	  miss	   the	  
presence	  of	  such	  a	  modality.	  
[UI25.]	  	   Inappropriate	  use	  of	  screen	  space	  (NF)	  
-­‐	  
[UI26.]	  	   Information	  overload	  on	  the	  screen	  display	  (M)	  
(DG	  2	  &	  17)	  	  	  
	  
[UI27.]	  	   Confusing	  turn	  indicators	  	  (M)	  
The	  difficulty	  of	   the	  researcher	   in	  describing	  the	  multiple	   turn	   indicators	  used	  at	   the	  same	  
time	  signify	  the	  potential	  problems	  that	  user	  might	  have	  comprehending	  them.	  
[UI28.]	  	   Correct	  direction	  of	  the	  car	  (NF)	  
-­‐	  
[UI29.]	  	   Incorrect	  instruction	  for	  crossing	  a	  junction	  (M)	  
	  The	   semantic	   clash	   of	  modalities	   between	   the	   different	   sources	   of	   information	   points	   to	  
another	  potential	  usability	  issue.	  
[UI30.]	  	   Automatic	  recalculations	  leaves	  the	  user	  temporarily	  without	  direction(M)	  
(DG5	  &	  40)	  
[UI31.]	  	   There	  are	  no	  wrong	  turns	  for	  the	  users	  (the	  user	  is	  always	  right)	  (NF)	  
-­‐	  
[UI32.]	  	   Mismatch	  between	  information	  on	  the	  turn	  indicator	  and	  the	  route	  on	  map	  
(M)	  
(DG	  13,	  20	  &	  37).	  
[UI33.]	  	   Inconsistency	  in	  next	  road	  field	  	  (NF)	  
-­‐	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[UI34.]	  	   Lack	  of	  positive	  feedback	  (M)	  
(DG	  37).	  
[UI35.]	  	   Reduced	  visibility	  of	  the	  screen	  (sun	  glare)	  (NF)	  
-­‐	  
[UI36.]	  	   Lack	  of	  valid	  GPS	  signal	  (M)	  
(DG	  15,	  40).	  
[UI37.]	  	   No	  redundancy	  of	  information	  between	  voice	  and	  visual	  modalities	  (M)	  
(DG	  13,	  20	  &	  37).	  
[UI38.]	  	   Insufficient	  design	  integration	  with	  the	  environment	  (M)	  
(DG	  51).	  
[UI39.]	  	   Protracted	  glances	  on	  the	  device	  (NF)	  
-­‐	  
[UI40.]	  	   User	  in	  near-­‐miss	  when	  entering	  a	  roundabout	  (NF)	  
-­‐	  
[UI41.]	  	   Wrong	  turn	  on	  junction	  (NF)	  
-­‐	  
[UI42.]	  	   Error	  recovery	  &	  rerouting	  (NF)	  
-­‐	  
[UI43.]	  	   System	  resilience	  (NF)	  
-­‐	  
[UI44.]	  	   User	  trust	  (NF)	  
-­‐	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Appendix	  VII. Design	  Guidelines	  
Human-­‐Machine	  Interface	  (HMI)	  Guidelines	  (Leveson,	  1995).	  
1. Design	  the	  HMI	  to	  augment	  human	  abilities,	  not	  replace	  them.	  
2. Begin	  the	  design	  process	  by	  considering	  the	  operator	  and	  continue	  that	  perspective	  
throughout.	  
3. Involve	  operators	  in	  design	  decisions	  and	  safely	  analysis	  throughout	  development	  
4. Allow	  latitude	  in	  how	  tasks	  are	  accomplished	  –	  	  contradictory	  
5. Distinguish	   between	   providing	   help	   and	   taking	   over.	   Do	   not	   oversimplify	   the	  
operator’s	  task.	  	  
6. Design	   for	  error	   tolerance:	   (a)	  make	  errors	  observable,	   (b)	  provide	   time	  to	   reverse	  
them,	  and	  (c)	  provide	  compensating	  actions.	  
7. Maintain	  manual	  involvement	  or	  ways	  to	  update	  manual	  models.	  
8. Make	  safety-­‐enhancing	  actions	  easy	  and	  robust.	  Stopping	  an	  unsafe	  event	  should	  be	  
possible	  with	  a	  single	  keystroke.	  
9. Make	  potentially	  dangerous	  actions	  difficult	  or	  impossible.	  	  
10. Integrate	  critical	  actions	  into	  the	  task.	  
11. Make	  safety-­‐critical	  operational	  steps	  incremental.	  
12. Design	  to	  stereotypes	  and	  cultural	  norms.	  
13. Provide	  adequate	  feedback	  to	  keep	  operators	  in	  the	  loop.	  	  
14. If	  the	  operator	  is	  to	  monitor	  automatic	  systems,	  provide	  independent	  information.	  
15. Distinguish	  processing	  from	  failure.	  Provide	  real-­‐time	  indication	  that	  the	  automated	  
control	  system	  is	  functioning,	  along	  with	  information	  about	  its	  internal	  state	  (such	  as	  
the	   status	  of	   sensors	   and	  actuators),	   its	   control	   actions	  and	   its	   assumptions	  about	  
the	  system	  state.	  
16. Provide	  facilities	  for	  operators	  to	  experiment,	  to	  update	  their	  mental	  models,	  and	  to	  
learn	  about	  the	  system.	  Design	  to	  enhance	  the	  operator’s	  ability	  to	  make	  decisions	  
and	  to	  intervene	  when	  required	  in	  emergencies.	  
17. Do	   not	   overload	   the	   operator	   with	   too	   much	   information.	   Provide	   ways	   for	   the	  
operator	   to	  get	  additional	   information	   that	   the	  designer	  did	  not	   foresee	  would	  be	  
needed	  in	  a	  particular	  situation.	  
18. Allow	  the	  operator	  to	  maintain	  manual	   involvement	  and	  to	  update	  mental	  models,	  
maintain	  skills,	  and	  preserve	  self-­‐confidence.	  
19. Design	  to	  aid	  the	  operator,	  not	  take	  over.	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20. Provide	  feedback	  and	  interaction	  with	  the	  system.	  
21. Design	  tasks	  to	  be	  stimulating	  and	  varied,	  to	  provide	  good	  feedback	  and	  to	  require	  
active	  involvement	  of	  the	  operators	  in	  most	  operations.	  
22. Minimise	  activities	  requiring	  passive	  or	  repetitive	  action.	  
23. Provide	  multiple	  ways	  to	  change	  from	  an	  unsafe	  to	  a	  safe	  mode.	  
24. Provide	  interlocks	  to	  prevent	  inadvertent,	  potentially	  dangerous	  human	  actions.	  
25. Provide	   error	   messages	   that	   distinguish	   safety-­‐critical	   sates	   or	   errors	   from	   non-­‐
safety-­‐critical	  ones.	  
26. Distinguish	   the	   override	   of	   safety-­‐critical	   and	   non-­‐safety-­‐critical	   error	   or	   hazard	  
indications.	  
27. Provide	  operators	  with	  feedback	  if	  commands	  are	  cancelled	  (not	  executed)	  because	  
of	  timeouts	  or	  for	  other	  reasons.	  
28. Flag	   rather	   remove	   obsolete	   information	   from	   computer	   displays.	   Require	   the	  
operator	  to	  clear	  it	  explicitly	  or	  implicitly.	  
29. If	  important	  information	  changes	  in	  a	  very	  short	  interval	  before	  or	  after	  the	  operator	  
issues	  a	  command,	  make	  sure	  the	  operator	  is	  aware	  of	  the	  changes.	  
30. Highlight	   the	   status	   of	   safety-­‐critical	   components	   or	   variables	   and	   present	  
information	  about	  the	  complete	  state	  in	  an	  unambiguous	  manner.	  
31. For	   robot	   systems,	   signal	   bystanders	   when	   the	   machine	   is	   powered-­‐up.	   Provide	  
warnings	  when	  a	  hazardous	   zone	   is	   entered.	  Do	  not	   assume	   that	   humans	  will	   not	  
have	  to	  enter	  the	  robot’s	  area.	  
32. If	   the	   automatic	   system	   detects	   an	   unsafe	   condition,	   inform	   the	   operator	   of	   the	  
anomaly	  detected,	  the	  action	  taken,	  and	  the	  current	  system	  configuration.	  	  
33. Do	   not	   permit	   overrides	   of	   potentially	   safety-­‐critical	   failures	   or	   clearing	   of	   status	  
data	   until	   all	   data	   has	   been	   displayed	   and	   perhaps	   not	   until	   the	   operator	   has	  
acknowledged	  seeing	  it.	  
34. After	  an	  emergency	  stop,	   require	   the	  operator	   to	  go	   through	   the	  complete	   restart	  
sequence.	  
35. While	   safety	   interlocks	  are	  being	  overridden,	   their	   status	   should	  be	  displayed.	  The	  
design	   should	   require	   conformation	   that	   the	   interlocks	  have	  been	   restored	  before	  
allowing	  resumption	  of	  normal	  operation.	  
36. Avoid	  designs	  that	  require	  or	  encourage	  management	  by	  exception.	  
37. Continually	  update	  operators	  on	  the	  current	  process	  state.	  
38. Provide	  alternative	  sources	  of	  critical	  information	  in	  case	  the	  computer	  display	  fails.	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39. Provide	  independent	  means	  for	  operators	  to	  check	  safety-­‐critical	  information.	  
40. Provide	  multiple	  physical	  devices	  and	  logical	  paths	  to	  ensure	  that	  a	  single	  hardware	  
failure	  or	  software	  error	  cannot	  prevent	  the	  operator	  from	  taking	  action	  to	  maintain	  
a	  safe	  system	  state	  and	  avoid	  hazards.	  
41. Instrumentation	  meant	  to	  help	  operators	  deal	  with	  a	  malfunction	  should	  not	  be	  able	  
to	  be	  disabled	  by	  the	  malfunction	  itself.	  
42. Minimise	  spurious	  signals	  and	  alarms.	  Provide	  operators	  with	  straightforward	  checks	  
to	  distinguish	  hazards	  from	  faulty	  instruments.	  
43. Safety-­‐critical	  alarms	  should	  be	  distinguishable	  from	  routine	  alarms.	  The	  form	  of	  the	  
alarm	  should	  indicate	  the	  degree	  of	  urgency.	  
44. Clearly	  indicate	  which	  condition	  is	  responsible	  for	  the	  alarm	  display.	  
45. Provide	   the	   operator	   with	   as	   much	   temporal	   information	   about	   events	   and	   state	  
changes	  as	  possible.	  
46. Provide	   scan-­‐able	   displays	   that	   allow	   operators	   to	   diagnose	   using	   pattern	  
recognition.	  Provide	  information,	  if	  appropriate,	  in	  a	  form	  in	  which	  patterns	  can	  be	  
easily	  recognised.	  
47. Use	   group	   displays	   rather	   than	   overviews.	   Consider	   using	   parallel	   information	  
presentation	  on	  multiple	  screens.	  
48. Make	  all	   information	  needed	  for	  a	  single	  decision	  process	  visible	  at	   the	  same	  time	  
(for	  example,	  put	  it	  on	  a	  display).	  
49. Avoid	  displaying	  absolute	  values:	  Show	  changes	  and	  use	  analogue	  instead	  of	  digital	  
displays	  when	  they	  are	  more	  appropriate.	  Provide	  references	  for	  judgements.	  
50. Designs	   should	   reflect	   normal	   tendencies	   and	   expectations.	   Use	   icons	   with	   a	  
standard	   interpretation.	  Choose	   icons	  that	  are	  meaningful	  to	  users,	  not	  necessarily	  
to	  designers.	  
51. Minimalise	  the	  semantic	  distance	  between	  interface	  displays	  and	  mental	  models.	  
52. Make	   the	  physical	   form	  of	   the	   vocabulary	   components	   structurally	   similar	   to	   their	  
meanings	  (minimise	  articulatory	  distance).	  	  
53. Apply	   the	   following	  precedence:	   (1)	   relative	  position,	   (2)	   shape,	   (3)	   colour,	  and	   (4)	  
labels.	  
54. Make	  labels	  brief,	  bold,	  simple,	  and	  clear.	  
55. Use	  colour	   coding,	  highlighting,	   and	  other	  attention-­‐demanding	  devices	   for	   safety-­‐
critical	  information.	  
56. Use	  uniformity	  when	  helpful,	  but	  don’t	  overuse	  it.	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57. Place	   frequently	   used	   displays	   centrally	   and	   group	   displays	   of	   information	   used	  
together.	  
58. Make	  warning	  displays	  brief	  and	  simple.	  
59. Design	  the	  control	  panel	  to	  mimic	  the	  physical	  layout	  of	  the	  plant	  or	  system.	  
60. Training:	  
a. Train	  operators	  to	  understand	  how	  the	  system	  functions	  and	  to	  think	  flexibly	  
when	  solving	  problems.	  Explain	  hazards	  and	  the	  reason	  behind	  safety-­‐critical	  
procedures	   and	   operational	   rules.	   Introduce	   operators	   to	   basic	   system	  
design	  principles	  and	  train	  them	  to	  think	  conceptually.	  
b. Make	  sure	  operators	  understand	  the	  safety	  aspects	  of	  the	  design,	  including	  
the	  hazards	  and	  what	  has	  been	  done	  to	  mitigate	  them.	  
c. Use	  hazard	  analysis	  information	  to	  inform	  the	  operator	  about	  the	  potential	  
result	   of	   removing	   or	   overriding	   controls,	   changing	   procedures,	   and	  
inattention	   to	   safety-­‐critical	   features	   or	   operations.	   Review	   past	   accidents	  
and	  their	  causes.	  
d. Provide	  in-­‐depth	  understanding	  of	  the	  design	  of	  the	  process.	  
e. Train	  for	  general	  strategies	  (rather	  than	  specific	  responses)	  to	  develop	  skills	  
for	  dealing	  with	  unanticipated	  events.	  
f. Train	  operators	  to	  test	  hypotheses	  in	  appropriate	  ways.	  
g. Train	  operators	  in	  different	  combinations	  of	  alerts	  and	  sequences	  of	  events	  
and	  not	  just	  single	  events.	  
h. Allow	  for	  overlearning	  emergency	  procedures	  and	  for	  continued	  practice.	  
i. Provide	  practice	  in	  problem	  solving.	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Appendix	  VIII. Experimental	  material:	  phase	  one	  
Ethics	  checklist	  
Ethics	  Checklist	  
Department	  of	  Computer	  Science,	  QMUL	  
	  
This	   document	   describes	   12	   issues	   that	   need	   to	   be	   considered	   carefully	   before	   students	  
involve	   other	   people	   (‘participants’)	   for	   the	   collection	   of	   information	   as	   part	   of	   their	  
assessed	  exercises	  or	  projects.	  
	  
1. Will	  the	  participants	  be	  exposed	  to	  any	  risks	  greater	  than	  those	  encountered	  in	  their	  
normal	  working	  life?	  
Investigators	  have	  a	  responsibility	   to	  protect	  participants	   from	  physical	  and	  mental	  
harm	  during	  an	  investigation.	  The	  risk	  of	  harm	  must	  be	  no	  greater	  than	  in	  ordinary	  
life.	  
	  
2. Will	  the	  participants	  be	  using	  any	  non-­‐standard	  hardware?	  
Participants	   should	   not	   be	   exposed	   to	   any	   risks	   associated	   with	   the	   use	   of	   non-­‐
standard	  equipment:	  anything	  other	  than	  pen-­‐and-­‐paper	  or	  typical	   interaction	  with	  
PCs	  on	  desks	  is	  considered	  non-­‐standard.	  
	  
3. How	  will	  participants	  voluntarily	  give	  consent?	  
If	   the	   results	  of	   the	  evaluation	  are	   likely	   to	  be	  used	  beyond	  the	   term	  of	   the	  project	  
(for	   example,	   the	   software	   is	   to	   be	   deployed,	   or	   the	   data	   is	   to	   be	   published,	   then	  
signed	   consent	   is	   necessary.	   A	   separate	   consent	   form	   should	   be	   signed	   by	   each	  
participant.	  Otherwise,	  verbal	  consent	  is	  sufficient,	  and	  should	  be	  explicitly	  requested	  
in	  the	  introductory	  script.	  
	  
4. Are	  you	  offering	  any	  incentive	  to	  the	  participants?	  
The	  payment	  of	  participants	  must	  not	  be	  used	  to	  induce	  them	  to	  risk	  or	  harm	  beyond	  
that	  which	  they	  risk	  without	  payment	  in	  their	  normal	  lifestyle.	  
	  
5. Is	  there	  any	  intentional	  deception	  of	  the	  participants?	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Withholding	   information	   or	   misleading	   participants	   is	   unacceptable	   if	   participants	  
are	  likely	  to	  object	  or	  show	  unease	  when	  debriefed	  
	  
6. Are	  any	  of	  your	  participants	  under	  the	  age	  of	  16?	  
Parental	  consent	  is	  required	  for	  participants	  under	  the	  age	  of	  16	  
	  
7. Do	  any	  of	  your	  participants	  have	  an	  impairment	  that	  will	  limit	  their	  understanding	  or	  
communication?	  
Additional	  consent	  is	  required	  for	  participants	  with	  impairments	  
	  
8. Are	  you	  in	  a	  position	  of	  authority	  or	  influence	  over	  any	  of	  your	  participants?	  
A	   position	   of	   authority	   or	   influence	   over	   any	   participant	   must	   not	   be	   allowed	   to	  
pressurise	  participants	  to	  take	  part	  in,	  or	  remain	  in,	  any	  experiment	  
	  
9. Will	  the	  participants	  be	  informed	  that	  they	  could	  withdraw	  at	  any	  time?	  
All	  participants	  have	  the	  right	  to	  withdraw	  at	  any	  time	  during	  the	  investigation.	  They	  
should	  be	  told	  this	  in	  the	  introductory	  script.	  
	  
10. Will	  the	  participants	  be	  informed	  of	  your	  contact	  details?	  
All	  participants	  must	  be	  able	  to	  contact	  the	  investigator	  after	  the	  investigation.	  They	  
should	  be	  given	  the	  details	  of	  both	  student	  and	  module	  co-­‐ordinator	  or	  supervisor	  as	  
part	  of	  the	  debriefing.	  
	  
11. Will	  the	  participants	  be	  debriefed?	  
The	   student	   must	   provide	   the	   participants	   with	   sufficient	   information	   in	   the	  
debriefing	  to	  enable	  them	  to	  understand	  the	  nature	  of	  the	  investigation.	  
	  
12. Will	  the	  data	  collected	  from	  participants	  be	  stored	  in	  an	  anonymous	  form?	  
All	   participant	   date	   (hard-­‐copy	   and	   soft-­‐copy)	   should	   be	   stored	   securely	   and	   in	   an	  
anonymous	  form.	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Ethics	  Sign-­‐off	  Form	  
Ethics	  Sign-­‐off	  Form	  
Department	  of	  Computer	  Science	  
This	  form	  applies	  only	  studies	  that	  involve	  the	  use	  of	  other	  people	  (‘participants’)	  
to	  collect	  information.	  For	  example,	  to	  carry	  out	  simple	  evaluations	  of	  a	  system	  or	  
a	  system	  design,	  or	  for	  getting	  information	  about	  how	  a	  system	  might	  be	  used.	  
If	  no	  other	  people	  have	  been	  involved	  in	  the	  collection	  of	  information,	  then	  you	  do	  
not	  need	  to	  complete	  this	  form.	  
By	   signing	   this	   form	   you	   confirm	   that	   your	   study	   satisfies	   each	   of	   the	   following	  
ethical	  principles:	  
1. Participants	  are	  not	  exposed	  to	  any	  risks	  greater	  than	  those	  encountered	  
in	  their	  normal	  working	  life.	  
2. Experimental	  materials	  are	  paper	  based	  or	  comprise	  software	  running	  on	  
standard	  hardware.	  
3. All	  participants	  give	  explicit	  consent	  to	  take	  part.	  
4. No	  incentives	  are	  offered	  to	  participants.	  
5. No	  information	  about	  the	  evaluation	  or	  materials	  is	  intentionally	  withheld	  
from	  the	  participants.	  
6. No	  participant	  is	  under	  the	  age	  of	  16	  	  
7. No	  participant	  has	  an	  impairment	  that	  might	  limit	  their	  understanding	  or	  
communication.	  
8. I	  am	  not	  in	  a	  position	  of	  authority	  or	  influence	  over	  any	  of	  the	  participants.	  
9. All	  participants	  are	  informed	  that	  they	  can	  withdraw	  from	  the	  study	  at	  any	  
time.	  
10. All	  participants	  are	  informed	  of	  my	  contact	  details.	  
11. Participants	   are	   debriefed	   about	   the	   aims	   of	   the	   study	   and	   given	   the	  
opportunity	  to	  ask	  questions.	  
12. All	  the	  data	  collected	  from	  participants	  is	  stored	  in	  an	  anonymous	  form.	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Participation	  Consent	  Form	  
HUM	  Project,	  Department	  of	  Computer	  Science,	  Queen	  Mary,	  University	  of	  London	  
	  
The	  participant	  should	  complete	  the	  whole	  of	  this	  form	  -­‐	  on	  completion	  a	  photocopy	  of	  this	  form	  and	  
the	  information	  sheet	  should	  be	  given	  to	  the	  subject	  
	  
Please	  delete	  as	  appropriate	  
Have	  you	  been	  asked	  to	  consent	  for	  yourself	  or	  on	  behalf	  of	  someone	  else?	  	   	   	  
	   Self/Other	  
	  
If	  your	  answer	  to	  the	  above	  is	  “other”,	  please	  give	  	  
the	  name	  of	  the	  person	  for	  whom	  you	  are	  consenting	  
	  
Have	  you	  read	  the	  Information	  Sheet	  	   	   	   	   	   	   	  
	   	   Yes/No	  
	  
Have	  you	  had	  an	  opportunity	  to	  ask	  questions	  and	  discuss	  this	  study?	   	   	   	  
	   Yes/No	  
	  




Do	  you	  understand	  that	  you	  are	  free	  to	  withdraw	  from	  the	  study	  at	  any	  time,	  without	  having	  to	  give	  a	  
reason	  for	  withdrawing?	  
Yes/No	  
	  
Do	  you	  agree	  to	  take	  part	  in	  this	  study?	   	   	   	   	   	   	  
	   	   Yes/No	  
	  
Have	  you	  declared	  your	  involvement	  in	  other	  research	  studies	  








Signed………………………….…………………………	  Date	  ………………..	  
	  





I	  confirm	  that	  I	  have	  carefully	  explained	  the	  nature,	  demands	  and	  foreseeable	  risks	  of	  the	  proposed	  
study	  to	  the	  volunteer	  
	  
Signed………………………….…………………………	  Date	  ………………..	  
	  
NAME	  IN	  BLOCK	  LETTERS	  …………………………………………….	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Information	  Sheet	  for	  participants	  	  
 
 
INFORMATION SHEET FOR PARTICIPANTS 
 
BRIEF DESCRIPTION OF PROJECT 
 
The Human Error Modelling (HUM) Project brings together work in formal methods, 
cognitive science and design to explore synergies and and study human error in the 
use of interactive systems. 
 
During this study we will examine the usability of in-car navigation devices, with a 







We are investigating the usability of an in-car navigation device and would like to ask 
you to participate in a study using the program.  
 
Your task is to use the navigation device provided and carry out the tasks set out 
in the  task list. 
 
 
Afterwards we welcome any feedback about your experience using the device. The 
interaction will be recorded and kept for study. The records will be anonymous. You 
are free to withdraw from the study at any point without explanation.  
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Day trip to Brighton 
 
 
It is Sunday morning and you are about start for a short day-trip to Brighton visiting 
friends  who live there. You are already in your car, ready to go and you are about to 
use your navigation device to take you there. Having connected the device to the 
power outlet, you switch it on and launch Tom Tom. 
 
Task 1 
You have made arrangements to meet your friends in front of the Berkeley Hotel, 
Brighton. In order to start your journey, you need to program your destination in the 
device. 
 




On the way to Brighton, you also want to make a quick stop at the IKEA store to pick 
up a catalogue for your friends 
 





--> Program the device to reach the IKEA store before the final destination. 
 
Task 3 
You have heard on the radio that there are road works on A22. You'd better check out 
the route to see if you are using this motorway.  
 
--> Check your route to see if you are using A22.  If you do, program the device to 
avoid this part of the route. 
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Help	  Guide	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Weekend in Leeds 
 
 
It is Saturday morning and you are about to begin on a short weekend trip to the city 
of Leeds. You are already in your car, ready to go and you are about to use your 
recently bought navigation device to take you there. Having connected the device to 
the power outlet, you switch it on and launch the Tom Tom application. 
 
Task 1 
In order to start your journey, you need to program your destination in the device. 
 




You have just looked at the route generated and you don't want to drive for that long. 
You decide that you want to have a quick rest and some lunch in Nottingham. You 
have a recommendation to go to the following restaurant:  
 




NG1 6AF  
 
--> Program the device to reach the restaurant before the final destination. 
 
Task 3 
You have heard on the radio that there is some heavy traffic on M621 because of an 
earlier accident. You'd better check out the route to see if you are using this 
motorway.  
 
--> Check the route to see if you are using M621. If you do, program the device to 
avoid this part of the route. 
 
	   	  
Appendix	  IX	  
	  	   211	  |	  P a g e 	  
Appendix	  IX. Experimental	  material:	  phase	  two	  
Participation	  Consent	  form	  
PARTICIPATION CONSENT FORM 
Please complete this form after you have read the Information Sheet and/or listened to an 
explanation about the research. 
Title of Study: Evaluation of GPS car navigation systems               
Queen Mary Research Ethics Committee Ref: QMREC2006/42 
• Thank you for considering taking part in this research. The person organising the research must 
explain the project to you before you agree to take part.  
• If you have any questions arising from the Information Sheet or explanation already given to 
you, please ask the researcher before you decide whether to join in. You will be given a copy of 
this Consent Form to keep and refer to at any time.  
• I hold a valid car driving license for driving in the UK. 
• My car meets all the requirements of the traffic laws (insurance, tax, MOT, etc.)  
• I will be driving my own car during this study. 
• I understand that during the study I will abide by the traffic laws.  
• I understand that if I decide at any other time during the research that I no longer wish to 
participate in this project, I can notify the researchers involved and be withdrawn from it as soon 
as possible.  
• I agree to be contacted in the future by QMUL researchers who would like to invite me to 
participate in follow up studies to this project, or in future studies of a similar nature. 
• I consent to the processing of my personal information for the purposes of this research study. 
Anonymised data may be presented in academic written work and presentations. Please note that 
confidentiality and anonymity will be maintained and it will not be possible to identify you from any 
publications. I understand that such information will be treated as strictly confidential and handled 
in accordance with the provisions of the Data Protection Act 1998.  
•I have contacted my car insurance company and they have confirmed to me that my insurance 
remains valid for the purposes of this study. I have explained to them that during this student 
study I will be driving my car following the instructions of the TomTom navigator, while the student 
will be recording me using a video camera. 
 
 
Participant’s Statement:  
I ___________________________________________ agree that the research project named 
above has been explained to me to my satisfaction and I agree to take part in the study. I have 
read both the notes written above and the Information Sheet about the project, and understand 
what the research study involves.  
Signed: Date:  
 
Investigator’s Statement:  
I ___________________________________________ confirm that I have carefully explained 
the nature, demands and any foreseeable risks (where applicable) of the proposed research to 
the volunteer.  
Signed:     Date: 	  
Appendix	  IX	  
	  	   212	  |	  P a g e 	  
Information	  sheet	  
REC Protocol Number QMREC2006/42 
 
YOU WILL BE GIVEN A COPY OF THIS INFORMATION SHEET 
Evaluation of GPS car navigation systems 
We would like to invite you to participate in this original research project. You should only 
participate if you want to; choosing not to take part will not disadvantage you in any way. Before 
you decide whether you want to take part, it is important for you to understand why the research 
is being done and what your participation will involve. Please take time to read the following 
information carefully and discuss it with others if you wish. Ask us if there is anything that is not 
clear or if you would like more information. If you do decide to take part, please let us know 
beforehand if you have been involved in any other study during the last year.  
Details of study  
It is up to you to decide whether or not to take part. If you do decide to take part you will be given 
this information sheet to keep and be asked to sign a consent form. If you decide to take part you 
are still free to withdraw at any time and without giving a reason.  
The HUman error Modelling (HUM) project is a joint project between Department of Computer 
Science at Queen Mary, University of London and the University College London Interaction 
Centre (UCLIC)f.  The overall aim of the project is to determine to what extent and how results 
from Cognitive Science / Human Computer Interaction experiments can be integrated with formal 
verification technology (a type of mathematical modelling), and what it might take to make 
formally grounded, empirically tested insights readily accessible to design practitioners.    
 
During this study we will examine the usability of in-car navigation devices, with a specific focus 
on the driving experience with the use of such devices. In this study you will have the opportunity 
to use a novel GPS car navigation device (Tom Tom), which will be setup in your car. This is a 
standard car navigation device available from electronic shops. You are expected to drive in your 
car following the instructions of the in-car navigation device in order to navigate through East 
London. A short set of tasks will be given before the commencement of the study. Your 
interaction with the device will be recorded for further analysis. The performance of individual 
participants is not being evaluated.  
 
The total duration of the driving should not exceed 40 minutes. A short debriefing lasting around 
20 minutes will conclude your session. A small financial incentive is offered to the 
participants (£10).   
 
Afterwards we welcome any feedback about your experience using the device. The interaction 
will be video recorded and kept for study. Only the research team will have access to these data. 
During the data analysis all data will be anonymised and no future reference will be made to the 
identity of the participants (i.e., they will be known as user 1, user 2, and so on.).  
 
You have the right to withdraw from the study at any time for any or no reason.  You may ask for 
a break whenever you need one. 
 
In the event of you suffering any adverse effects as a consequence of your participation in this 
study, you will be compensated through Queen Mary University of London’s ‘No Fault 
Compensation Scheme’ 	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Task	  list	  for	  participants	  
	  
QMREC2006/42	  
Navigating	  in	  East	  London	  
	  
It	  is	  late	  afternoon	  and	  you	  have	  promised	  your	  colleagues	  to	  help	  with	  the	  organisation	  of	  
the	  postgraduate	  party.	  You	  will	  need	  to	  drive	  nearby	  to	  pick	  up	  some	  food	  and	  the	  music	  
equipment.	  
	  
As	  you	  are	  not	  familiar	  with	  the	  area,	  you	  will	  be	  using	  a	  navigation	  device	  to	  take	  you	  there.	  
You	  have	  already	  programmed	  the	  device	  and	  you	  are	  ready	  to	  go.	  
	  
Task	  1	  
You	  will	  need	  to	  pick	  up	  a	  set	  of	  music	  CDs	  from	  Bethnal	  Green.	  Your	  friend	  will	  be	  waiting	  
for	  you	  outside	  the	  V&A	  Museum	  of	  Childhood	  in	  Bethnal	  Green.	  
	  
-­‐-­‐>	  Follow	  the	  TomTom	  instructions	  to	  Bethnal	  Green	  Museum	  
	  
Task	  2	  
You	  are	  now	  ready	  to	  pick	  up	  the	  food	  from	  Aldgate.	  Your	  colleagues	  have	  already	  done	  all	  
the	  shopping	  for	  you	  and	  they	  are	  waiting	  by	  the	  Aldgate	  underground.	  
	  
-­‐-­‐>	  Follow	  the	  TomTom	  instructions	  to	  Aldgate	  underground	  station.	  
	  
Task	  3	  
You	  are	  now	  ready	  to	  return	  to	  college.	  The	  party	  is	  about	  to	  begin!	  
	  
-­‐-­‐>	  Follow	  the	  TomTom	  instructions	  back	  to	  Queen	  Mary.	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Appendix	  X. On-­‐road	  trials:	  narratives	  
User	  1	  
The	  user	  falls	  within	  the	  30-­‐40	  age	  range	  for	  this	  study.	  He	  is	  a	  confident	  driver	  with	  more	  
than	   a	   decade	   of	   driving	   experience.	   He	   is	   educated	   to	   graduate	   level	   and	   is	   quite	  
experienced	   in	   the	   use	   of	   IT	   systems.	   The	   user	   had	   some	   experience	   prior	   to	   the	  
participation	   in	   the	   study,	   of	   using	   a	   similar	   device	   for	   navigating	   in	   London.	   As	   such,	   he	  
appeared	   quite	   confident	   in	   the	   use	   of	   the	   device	   and	   accustomed	   to	   following	   the	  
instructions	  as	  generated	  by	  the	  device.	  The	  user	  does	  not	  have	  any	  experience	  in	  driving	  in	  
this	  part	  of	  London.	  
The	   user	   starts	   driving	   as	   soon	   as	   the	   programming	   of	   the	   device	   is	   completed	   by	   the	  
observer	   and	   the	   destination	   has	   been	  put	   as	   prescribed	   in	   the	   scenario.	   The	  user	   is	   very	  
relaxed	  and	  ready	  to	  start.	  The	  user	  starts	  driving	  from	  Roman	  Road	  and	  crosses	  Cambridge	  
Heath	  Road	  in	  order	  to	  continue	  on	  Bethnal	  Green	  Road	  (see	  Figure	  Appendix	  X-­‐2).	  The	  user	  
does	  not	  make	  any	  turn	  as	  no	  auditory	  instruction	  is	  provided	  by	  the	  device.	  
	  
Figure	  Appendix	  X-­‐2	  Roman	  Road	  
In	  the	  first	  minutes	  of	   the	  trial	   the	  user	  wants	  to	  ensure	  that	  all	   is	  going	  according	  to	  plan	  
and	  the	  trial	  has	  begun.	  As	  he	  is	  driving	  the	  first	  part	  of	  the	  road,	  he	  checks	  constantly	  the	  
device	  to	  establish	  what	  he	  is	  expected	  to	  do	  next.	  More	  time	  is	  dedicated	  to	  looking	  at	  the	  
device	  as	  the	  driver	  stops	  at	  a	  traffic	  light.	  It	  appears	  that	  during	  the	  short	  glances	  the	  user	  
has	   not	   understood	  what	   the	   next	   turn	  will	   be	   as	   he	   is	   wondering	  why	   the	   device	   is	   not	  
providing	  any	  auditory	  instructions.	  
Several	  seconds	  later	  the	  user	  is	  gratified	  with	  the	  first	  auditory	  instruction,	  several	  minutes	  
later	   after	   the	   trial	   started.	   As	   soon	   as	   the	   driver	   hears	   the	   instruction	   his	   attention	   is	  
momentarily	  diverted	  to	  the	  device	  in	  order	  to	  receive	  visual	  feedback.	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The	  driver	  is	  currently	  on	  Bethnal	  Green	  Road	  and	  he	  is	  asked	  to	  make	  a	  right	  turn	  (Rusmead	  
Road)	   followed	   by	   a	   left	   turn.	   Once	   on	   Rusmead	   Road,	   the	   user	   receives	   the	   auditory	  
instruction	   “turn	   left	   and	   then	   turn	   right”.	   	   As	   a	   result	   the	   driver	   queues	   two	   instructions	  
that	  need	  to	  be	  executed.	  Firstly,	  “turn	  left”	  (Florida	  Street)	  and	  then	  “turn	  right”.	  The	  driver	  
successfully	  makes	  the	  first	  turn	  and	  start	  driving	  on	  Florida	  Street.	  At	  this	  point	  according	  to	  
the	  system	  route,	  the	  user	  should	  take	  the	  2nd	  right	  turn	  and	  not	  the	  1st	  as	  it	  was	  implied	  by	  
the	   previous	   auditory	   instruction.	   As	   such,	   although	   no	   additional	   auditory	   instruction	   is	  
given	  by	  the	  system	  and	  without	  consulting	  the	  visual	  display,	  the	  user	  makes	  an	  ‘incorrect	  
turn’	  on	  Polland	  Street	  instead	  of	  Polland	  Row	  (see	  Figure	  Appendix	  X-­‐3,	  Mark	  2).	  
	  
Figure	  Appendix	  X-­‐3	  Rusmead	  Road	  
As	   soon	  as	   the	  user	  makes	   the	   ‘incorrect’	   turn	  on	  Polland	  Street,	  he	   realises	   that	  a	  wrong	  
turn	   has	   been	   taken	   (visual	   feedback),	   as	   the	   system	   produces	   a	   new	   route.	   The	   user	  
expresses	  his	  annoyance	  about	  the	  confusion	  created	  by	  the	  previous	  auditory	  instruction.	  
The	   user	   keeps	   going	   on	   the	   current	   road	   (Polland	   Street)	   until	   he	   reaches	   Polland	   Row	  
where	   the	   system	   generates	   the	   next	   auditory	   instruction.	   Initially	   to	   make	   a	   right	   turn	  
(Polland	  Row)	  and	  then	  a	  left	  turn	  (Gosset	  Street).	   	  The	  behaviour	  of	  the	  user	  has	  changed	  
since	  the	  previous	  wrong	  turn.	  The	  user	  is	  giving	  several	  glances	  to	  the	  visual	  display	  of	  the	  
device,	   in	   order	   to	   reassure	   himself	   he	   is	   on	   the	   right	   track	   and	   also	   reconfirm	   that	   he	  
understood	   the	  auditory	   instructions.	   The	  amount	  of	   time	   spent	   looking	  at	   the	  device	  has	  
significantly	  increased	  since	  the	  first	  minutes	  of	  the	  trial.	  
The	  user	  drives	  on	  Gosset	  Road	  checking	  quite	   frequently	  on	   the	  device	   to	  establish	  what	  
the	  next	  turn	  is.	  Eventually,	  he	  reaches	  the	  end	  of	  the	  road,	  where	  the	  device	  instructs	  the	  
driver	  for	  a	  left	  turn	  on	  Columbia	  Road.	  It	  must	  be	  stressed	  that	  at	  all	  turn	  the	  user	  so	  far	  has	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been	   quite	   careful	   in	   checking	   coming	   traffic.	   The	   user	   drives	   on	   Columbia	  Road	   until	   the	  
junction	  with	  Hackney	  Road.	  At	   this	  point	   the	  device	   instructs	   (audio)	  about	  an	   immediate	  
left	  turn	  on	  Hackney	  Road	  followed	  by	  another	  left	  turn.	  The	  user	  keeps	  driving	  on	  until	  the	  
junction	  with	   the	  Old	   Street,	  where	   the	  driver	   is	   instructed	   to	  make	  a	   left	   turn	  on	  Calvert	  
Avenue.	  The	  user	  briefly	  stops	  at	  the	  Old	  Street	   junction	  to	  check	  traffic	  and	  the	  display	  of	  
the	  device.	  
At	   this	   point	   the	   user	   approaches	   the	   first	   roundabout	   (Arnold	   Circus)	   and	   receives	   an	  
auditory	   instruction	   “cross	   the	   roundabout,	   3rd	   exit	   (Club	  Row),	   then	   turn	   right”.	   The	  user	  
starts	   on	   the	   roundabout	   and	   takes	   the	  wrong	   turn.	   	   The	   user	   does	   not	   look	   at	   all	   at	   the	  
device,	   as	   he	   tries	   to	   concentrate	   on	   the	   road.	   At	   the	   same	   time	   there	   is	   not	   another	  
auditory	   cue	   from	   the	  device	   for	   an	   immediate	   turn.	  As	   the	  user	   catches	  a	  glimpse	  of	   the	  
display,	  he	   realises	   that	  a	  wrong	   turn	  has	  been	   taken	   (Figure	  Appendix	  X-­‐4,	  Mark	  17).	  The	  
user	  is	  clearly	  annoyed	  that	  he	  missed	  the	  turn.	  
	  
Figure	  Appendix	  X-­‐4	  Arnold	  Circus	  
Following	  the	  wrong	  turn,	  the	  device	  reroutes	  the	  user	  through	  Old	  Nichol	  Street	  with	  a	  left	  
and	   a	   right	   turn	   in	   order	   to	   join	   again	   Club	   Row.	   The	   user	   drives	   on	   Club	   Row,	   until	   he	  
reaches	  Bethnal	  Green	  Road,	  where	  he	  is	  instructed	  to	  make	  a	  right	  turn	  (turn	  right,	  then	  at	  
the	   end	   of	   the	   road	   turn	   left).	   The	   user	   expresses	   displeasure	   with	   the	   length	   of	   the	  
instructions.	  
The	   user	   drives	   straight	   on	   Bethnal	   Green	   Road	   until	   Shoreditch	   High	   Street,	  where	   he	   is	  
expected	  to	  make	  a	  left	  turn.	  The	  user	  glances	  continuously	  on	  the	  device	  in	  order	  to	  ensure	  
that	  he	  on	   the	   right	   course.	  Once	   the	  user	   is	  on	  Shoreditch	  High	  Street,	  he	   is	  expected	   to	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keep	   left	   and	   head	   towards	   Commercial	   Street.	   The	   user	   keeps	   looking	   at	   the	   display	   to	  
validate	  the	  route.	  The	  users	  peruses	  closer	  at	   the	  device	  while	  stopped	  at	   the	   junction	  of	  
Shoreditch	  High	  &	  Commercial	  Street.	  Although	  the	  user	  made	  took	  a	  proper	  left	  turn,	  it	  was	  
just	  keep	  left	  according	  to	  the	  device.	  	  
The	  user	  keeps	  driving	  straight	  on	  Commercial	  Street	  and	  checks	   the	  display	  of	   the	  device	  
frequently	  to	  anticipate	  the	  next	  instruction.	  At	  the	  same	  time	  the	  user	  wonders	  about	  the	  
fluctuations	  demonstrated	  of	  the	  duration	  to	  the	  destination.	  	  
	  	  	   	  
Figure	  Appendix	  X-­‐5	  Aldgate	  System	  
He	   is	   getting	   more	   anxious	   as	   he	   is	   approaching	   Aldgate	   (see	   Figure	   Appendix	   X-­‐5)	  
roundabout	   as	   there	   is	   no	   auditory	   feedback	   coming	   from	   the	   device	   (and	   he	   complains	  
again	  about	  it).	  The	  user	  follows	  the	  instructions	  of	  the	  device	  and	  enters	  the	  Aldgate	  System	  
and	  keeps	  right.	  
The	  driver	  keeps	  going	  on	  the	  system	  and	  keeps	  right,	  until	  the	  junction	  with	  Mansell	  Street	  
where	  he	  makes	  a	  right	  turn	  and	  then	  a	  turn	   left	  to	  reach	  Aldgate	  Station.	  Having	  reached	  
Aldgate	  Station,	  the	  driver	  has	  to	  go	  around	  the	  roundabout.	  The	  device	  instructs	  the	  driver	  
to	  keep	  right	  and	  then	  turn	  right	  on	  St.	  Botolphs	  Street.	  At	  this	  point	  the	  system	  expects	  the	  
user	   to	   keep	   left	   and	   continue	   on	   Whitechapel	   High	   Street.	   Nevertheless,	   there	   is	   no	  
auditory	   instruction	   generated	   by	   the	   system.	   As	   the	   user	   approaches	   the	   junction	   and	   is	  
unsure	  where	  to	  turn,	  he	  diverts	  his	  visual	  attention	  to	  the	  device,	  and	  does	  not	  check	  the	  
oncoming	  traffic.	  As	  a	  result,	  the	  car	  was	  almost	  hit	  by	  an	  oncoming	  vehicle.	  Despite	  this,	  as	  
the	  driver	  continues	  driving	  on	  Whitechapel	  High	  Street	  and	  relies	  on	  the	  visual	  information	  
to	  continue	  navigating.	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User	  2	  
The	   user	   falls	   within	   the	   20-­‐30	   age	   range	   for	   this	   study.	   He	   is	   a	   confident	   driver	   with	  
approximately	   5	   years	   driving	   experience.	   He	   is	   educated	   to	   graduate	   level	   and	   is	  
comfortable	   in	   the	   use	   of	   IT	   systems.	   The	   user	   had	   limited	   experience	   with	   navigation	  
devices	   prior	   to	   the	   participation	   in	   the	   study,	   of	   using	   similar	   devices	   for	   navigating	   in	  
London.	  The	  driver	  is	  accustomed	  to	  driving	  in	  London,	  but	  does	  not	  have	  any	  experience	  in	  
the	  streets	  used	   in	  the	  study.	  Finally,	   the	  user	  has	  problems	  navigating	  /	  orientating	  whilst	  
driving,	  thus	  he	  can	  be	  very	  dependent	  on	  the	  use	  of	  the	  navigation	  device.	  
The	   car	   is	   temporarily	   stationed	   on	   Roman	   Road,	   while	   the	   navigation	   device	   is	   being	  
prepared	   for	   the	   task.	   As	   soon	   the	   programming	   is	   completed,	   the	   user	   is	   asked	   to	   start	  
driving	   by	   the	   observer.	   The	   driver	   starts	   the	   car	   and	   navigates	   towards	   the	   junction	   of	  
Bethnal	   Green	   and	   Cambridge	   Heath	   Road.	   There	   is	   some	   traffic	   in	   the	   area	   and	   it	   takes	  
several	   minutes	   to	   reach	   the	   junction.	   As	   the	   user	   approaches	   the	   junction	   there	   is	   no	  
auditory	  feedback	  coming	  from	  the	  device.	  The	  user	  only	  briefly	  glances	  at	  the	  device	  and	  he	  
is	   aware	   that	   there	   is	   a	   left	   turn	   coming	   up.	   As	   the	   user	   approaches	   the	   junction	   he	   has	  
decided	  that	  a	   left	  turn	  must	  be	  taken,	  as	  demonstrated	  by	  the	  turn	   indicator.	  As	  the	  user	  
takes	  the	  turn,	  the	  system	  recalculates	  the	  route.	  The	  user	  does	  not	  notice	  that	  he	  is	  being	  
rerouted	  or	  that	  a	  wrong	  turn	  has	  been	  taken	  (Figure	  Appendix	  X-­‐2,	  Mark	  12).	  
The	  user	   is	   driving	   now	  on	  Bethnal	  Green	  Road,	  while	   the	   turn	   indicator	   shows	   a	   turn	   on	  
Hackney	  Road.	  Until	   this	   point	   there	  has	  been	  no	   auditory	   feedback	   from	   the	  device.	   The	  
user	   glances	   shortly	   at	   the	   device	   whilst	   driving	   to	   confirm	   the	   current	   state.	   As	   the	   car	  
approaches	  the	  junction	  with	  Hackney	  Road,	  the	  first	  auditory	  message,	  instructing	  the	  user	  
to	  turn	  left,	  is	  generated.	  
The	  user	  is	  now	  on	  Hackney	  Road,	  driving	  towards	  Calvert	  Avenue	  (about	  a	  mile	  away),	  the	  
intermediate	  waypoint	  before	  the	  final	  destination.	  No	  auditory	  feedback	  is	  provided	  to	  the	  
driver	  while	  on	  Hackney	  Road,	  until	  he	  starts	  approaching	  Old	  Street.	  The	  user	  intermittently	  
looks	  at	  the	  display	  of	  the	  device.	  As	  he	  gets	  closer	  (200	  yards	  away)	  the	  device	  reads	  ‘Turn	  
left,	   then	   cross	   the	   roundabout	   3rd	   exit.’	   The	   user	   stops	   at	   the	   junction	   of	  Old	   Street	   and	  
Hackney	  Road	  as	   traffic	   is	  building	  up.	  The	  user	  briefly	  glances	  at	   the	  device	   to	  review	  the	  
visual	  display.	  Just	  before	  this	  junction,	  the	  user	  had	  joined	  the	  originally	  drafted	  route.	  
New	  problems	  can	  be	  found	  for	  this	  driver	  at	  the	  junction.	  The	  first	  concern	  is	  that	  the	  user	  
can	  also	  go	   straight,	   that	   is	  not	   currently	  mapped	  on	   the	  device.	   Furthermore,	   there	   is	  no	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message	  to	  the	  user	  on	  what	  lane	  he	  should	  stay	  in.	  At	  other	  points	  of	  the	  interaction,	  the	  
driver	   is	   asked	   to	   keep	   or	   bear	   left.	   As	   a	   result	   of	   the	   lack	   of	   auditory	   feedback	   and	   the	  
misleading	   visual	   display	   (showing	   that	   he	   is	   on	   the	   correct	   lane)	   he	   remains	   in	   the	   same	  
lane,	   as	   he	   believes	   that	   he	   is	   following	   correctly	   the	   instructions	   provided.	   This	   is	   not	  
expected	  behaviour,	  as	  drivers	  try	  to	  maintain	  going	  straight	  unless	  being	  told	  otherwise.	  In	  
this	  case	  though,	  the	  driver	  demonstrated	  behaviour	  contrary	  to	  that	  during	  the	  first	  part	  of	  
the	  trial,	  as	  described	  above.	  With	  a	  slight	  steer	  to	  the	  right	  the	  driver	  accelerates	  to	  join	  Old	  
Street.	  
As	  soon	  as	  the	  driver	  is	  on	  Old	  Street,	  the	  system	  gets	  utterly	  confused.	  Initially	  it	  shows	  the	  
driver	  as	  being	  off	  the	  road.	  The	  user	  realises	  that	  something	  is	  wrong	  with	  the	  system	  and	  
keeps	   driving	   straight	   waiting	   for	   the	   next	   instruction.	   Several	   seconds	   later	   the	   system	  
positions	   the	   user	   incorrectly	   on	   a	   nearby	   street	   (Hoxton	   Square)	   and	   starts	   issuing	   an	  
auditory	  instruction.	  The	  user	  is	  repeatedly	  asked	  to	  make	  an	  immediate	  left,	  but	  this	  is	  not	  
possible,	  as	  there	  is	  no	  left	  turn	  available	  at	  the	  actual	  position	  of	  the	  driver.	  The	  user	  starts	  
demonstrating	  annoyance.	  The	  system	  insists	  on	  a	   left	  turn	  and	  the	  user	  believing	  that	  the	  
system	  has	  recovered	  makes	  another	  try	  for	  a	  left	  turn,	  without	  result.	  At	  both	  instances	  he	  
turns	  on	  the	  left	  indicator,	  before	  he	  realises	  that	  the	  turn	  is	  not	  possible.	  At	  this	  point	  the	  
system	  recalibrates	  and	  starts	  telling	  the	  driving	  to	  make	  a	  right	  turn.	  At	  this	  point	  it	  appears	  
that	  system	  has	  actually	  identified	  the	  correct	  GPS	  position	  on	  the	  map.	  The	  user	  follows	  the	  
instruction	  and	  turns	  right	  on	  Old	  Street.	  
The	   confusion	   of	   the	   driver	   gets	   even	   greater	   now,	   as	   he	   is	   approaching	   the	   Old	   Street	  
Station	  roundabout.	  The	  system	  now	  requests	  of	  the	  user	  to	  make	  a	  u-­‐turn.	  Thankfully	  the	  
driver	  disregards	  the	  last	  instruction,	  although	  he	  has	  been	  very	  attentive	  so	  far	  and	  tried	  to	  
follow	  all	  the	  auditory	  commands,	  despite	  their	  latest	  inconsistencies.	  
As	  the	  user	  approaches	  the	  roundabout,	  the	  route	   is	  recalculated	  asking	  for	  the	  user	  to	  go	  
around	  and	  come	  back	  to	  Old	  Street	  (Go	  around	  the	  roundabout,	  fourth	  exit).	  At	  this	  point	  
the	   driver	   is	   clearly	   annoyed.	   As	   the	   user	   navigates	   in	   the	   roundabout,	   he	   is	   constantly	  
looking	  at	   the	  visual	  display	   to	  make	   sure	  he	   takes	   the	   right	  exit.	   The	  auditory	   commands	  
have	  not	  been	  very	  reliable	  so	  far.	  
The	  user	  leaves	  the	  roundabout	  and	  start	  driving	  back	  on	  Old	  Street,	  heading	  back	  towards	  
Shoreditch	   High	   Street.	   At	   this	   point	   the	   system	   gets	   confused	   again,	   despite	   the	   fact	   it	  
shows	   a	   full	   GPS	   signal.	   The	   user	   approaches	   the	   junction	   with	   Great	   Eastern	   Street	   and	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keeps	  going	  on	  (again	  in	  the	  wrong	  direction)	  as	  nothing	  but	  bogus	  instructions	  that	  confuse	  
him	  further	  come	  from	  the	  device.	  The	  system	  recovers	  as	  it	  approaches	  the	  intersection	  of	  
Great	  Eastern	  and	  Curtain	  Road.	   In	   the	  nick	  of	   time,	   the	   system	   instructs	   the	  user	   to	   turn	  
into	  Curtain	  Road	  in	  order	  to	  eventually	  join	  again	  Old	  Street.	  
At	  last	  the	  driver	  is	  back	  on	  Old	  Street,	  having	  taken	  a	  left	  turn	  (unannounced)	  from	  Curtain	  
Road.	  The	  system	  believes	  that	  Old	  Street	  is	  an	  extension	  of	  Curtain	  Road.	  The	  next	  auditory	  
command	  instructs	  a	  right	  turn	  on	  Shoreditch	  High	  Street,	  followed	  by	  a	  left	  turn	  (on	  Calvert	  
Street).	   The	   auditory	   command	   for	   the	   left	   turn	   is	   delayed,	   but	   thankfully	   the	   driver	   had	  
turned	  in	  time,	  as	  he	  had	  consulted	  the	  visual	  display	  of	  the	  device.	  
The	  user	  is	  approaching	  the	  Arnold	  Circus	  roundabout	  and	  receives	  the	  auditory	  instruction	  
‘Cross	   the	  roundabout,	  3rd	  Exit,	   then	  turn	  right.’	  The	  user	  also	  briefly	  checks	   the	  display	  of	  
the	  device.	  As	   the	  driver	   comes	   closer	   to	   the	  exit,	  he	  brings	   the	   car	   to	  a	   complete	  halt	   to	  
make	  sure	  that	  he	  is	  taking	  the	  correct	  exit.	  
The	   user	   is	   driving	   now	   down	   Club	   Row	   waiting	   for	   the	   next	   instruction.	   The	   user	   is	  
instructed	  to	  turn	  right	  on	  Bethnal	  Green	  Road	  and	  then	  left	  on	  Shoreditch	  High	  Street.	  As	  
there	  are	  plentiful	  auditory	  instructions	  generated	  by	  the	  device,	  the	  user	  only	  looks	  briefly	  
on	  the	  device.	  At	  the	  end	  of	  Bethnal	  Green	  Road	  and	  user	  is	  instructed	  to	  turn	  left	  and	  keep	  
left,	  as	  he	  is	  waiting	  at	  the	  traffic	  light.	  The	  driver	  is	  instructed	  to	  keep	  left	  and	  continues	  on	  
Commercial	   Street.	   The	   user	   again	   briefly	   checks	   the	   visual	   display	   as	   the	   auditory	  
instruction	  is	  completed.	  
The	   user	   starts	   driving	   down	   Commercial	   Street.	   As	   there	   are	   no	   auditory	   commands	  
generated	  by	  the	  system	  during	  the	  half-­‐mile	  stretch	  of	  road	  the	  driver	  glances	  periodically	  
on	  the	  display	  to	  see	  what	  is	  happening.	  	  
As	   the	  driver	  approaches	   the	  Aldgate	   system,	   the	  system	   instructs	   the	  user	   to	  make	  a	   left	  
turn	  and	  keep	  right.	  As	  soon	  as	  the	  user	   is	  on	  Whitechapel	  High	  Street,	  he	   is	   instructed	  to	  
‘keep	  right	  then	  bear	  right.’	  This	   is	  followed	  by	  further	  instructions	  to	  ‘bear	  right,	  and	  then	  
turn	  right’	  on	  Braham	  Street.	  Once	  on	  Braham	  Street,	  the	  user	   is	  directed	  on	  to	   ‘turn	  right	  
and	  bear	  left’	  on	  Mansell	  Street.	  The	  user	  continues	  on	  Mansell	  Street	  and	  signals	  correctly	  
to	  turn	   left,	  before	  the	   last	   instruction	   is	  generated	  by	  the	  device	   (keep	   left),	  as	   the	  driver	  
finally	  reaches	  the	  destination.	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User	  3	  
The	  user	  falls	  within	  the	  20-­‐30	  age	  range.	  She	  has	  approximately	  6	  years	  driving	  experience.	  
She	   is	  also	  educated	   to	  graduate	   level	  and	   is	   comfortable	   in	   the	  use	  of	   IT	  equipment.	  The	  
user	  had	  no	  experience	  with	  navigation	  devices	  prior	   to	  the	  participation	   in	  the	  study.	  Her	  
first	  exposure	  to	  navigation	  devices	  occurred	  during	  the	  preparatory	  week	  before	  the	  trial.	  I	  
don’t	  think	  she	  is	  very	  confident	  with	  her	  driving.	  Although	  she	  drives	  in	  London,	  she	  is	  not	  
experienced	  with	  the	  particular	  route	  selected	  for	  this	  trial.	  
The	  user	  just	  completed	  the	  first	  task	  of	  the	  trial	  –	  getting	  from	  Queen	  Mary	  to	  Roman	  Road,	  
and	  the	  observer	  has	  finished	  setting	  up	  the	  device	  for	  the	  main	  part	  of	  the	  trial	  (task	  2).	  As	  
soon	   as	   the	   programming	   is	   completed	   the	   driver	   starts	   on	   Roman	   Road.	   The	   traffic	  
conditions	  are	  light	  and	  we	  are	  soon	  approaching	  the	  junction	  with	  Cambridge	  Heath	  Road.	  
Until	   this	   point	   there	   has	   been	   no	   auditory	   information	   from	   the	   device.	  While	   the	   car	   is	  
stationed	  before	  the	  traffic	  light,	  the	  user	  glances	  shortly	  at	  the	  device.	  
She	   continues	   on	   Bethnal	   Green	   Road	   and	   she	   is	   wondering	   when	   the	   device	   is	   going	   to	  
speak	   next.	   As	   the	   driver	   approaches	   ‘Rushmead’	   the	   system	   generates	   the	   first	   auditory	  
instruction.	  When	   the	   system	   finishes	  with	   the	   instruction	   the	   user	   looks	   at	   the	   device	   to	  
reconfirm	  what	  she	   is	  expected	   to	  do.	  She	  successfully	  carries	  out	   the	  auditory	   instruction	  
turning	  first	  on	  Rushmead	  and	  then	  on	  Florida	  Street.	  The	  user	  is	  paying	  no	  attention	  to	  the	  
visual	  display	  as	   she	   is	   concentrating	  on	   the	   road.	   	   ‘Turn	   left,	   then	   turn	   right’	  was	   the	   last	  
auditory	  instruction	  provided	  by	  the	  system	  while	  on	  Rushmead	  Road.	  The	  user	  is	  misled	  and	  
makes	  an	  early	  turn	  on	  Polland	  Street	  instead	  of	  Polland	  Row	  (see	  Figure	  Appendix	  X-­‐3,	  Mark	  
2).	  Although	  the	  driver	  looks	  briefly	  at	  the	  device	  once	  she	  is	  on	  Polland	  Street,	  she	  does	  not	  
realise	  that	  a	  wrong	  turn	  has	  been	  taken,	  as	  the	  recalculation	  was	  very	  swiftly	  executed	  by	  
the	  system.	  
The	  driver	   correctly	   follows	   the	  next	   auditory	   instruction	   ‘Turn	   right,	   then	   turn	   left’	  which	  
initially	  brings	  the	  driver	  to	  the	  Polland	  Row,	  before	  making	  a	   left	  turn	  on	  Gosset	  Street	  as	  
previously	  planned.	  Once	   the	  user	  has	   turned	  on	  Gosset	  Street,	   she	  briefly	  glances	  on	   the	  
device	  for	  some	  visual	  feedback.	  	  
The	  user	  drives	  on	  Gosset	  Road	  (long	  stretch	  of	  road)	  without	  checking	  at	  all	  on	  the	  device	  
what	   the	   next	   turn	   is;	   she	   is	   totally	   depended	   on	   the	   auditory	   feedback.	   Eventually,	   she	  
reaches	  the	  end	  of	  the	  road,	  where	  the	  device	  instructs	  the	  driver	  for	  a	  left	  turn	  on	  Columbia	  
Road.	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The	  user	  drives	  on	  Columbia	  Road	  until	   the	   junction	  with	  Hackney	  Road.	  At	   this	  point	   the	  
device	  instructs	  (audio)	  about	  an	  immediate	  left	  turn	  on	  Hackney	  Road	  followed	  by	  another	  
left	  turn.	  At	  this	  point	  the	  system	  loses	  the	  signal	  and	  starts	  showing	  the	  car	  at	  a	  different	  
place.	  As	  the	  user	  is	  not	  paying	  any	  attention	  to	  the	  visual	  display,	  this	  is	  not	  observed;	  in	  the	  
meantime	   the	   system	   repositions	   the	   car	   correctly	   and	   re-­‐issues	   the	  auditory	   instructions.	  
The	  user	  keeps	  driving	  on	  until	  the	  junction	  with	  Old	  Street,	  where	  the	  driver	  is	  instructed	  to	  
make	  a	  left	  turn	  on	  Calvert	  Avenue.	  	  
At	   this	   point	   the	   user	   has	   turned	   on	   Calvert	   Street	   and	   approaches	   the	   first	   roundabout	  
(Arnold	   Circus	   Figure	   Appendix	   X-­‐4);	   she	   receives	   the	   auditory	   instruction	   “cross	   the	  
roundabout,	   3rd	   exit	   (Club	   Row),	   then	   turn	   right”.	   The	   user	   fails	   to	   grasp	   the	   auditory	  
instruction	  and	  starts	  to	  glance	  at	  the	  device.	  I	  think	  at	  this	  point	  she	  was	  overwhelmed	  with	  
navigating	  in	  the	  roundabout,	  the	  other	  traffic	  and	  trying	  to	  comprehend	  the	  instruction	  in	  
time.	  
The	   user	   is	   driving	   now	   down	   Club	   Row	   waiting	   for	   the	   next	   instruction.	   The	   user	   is	  
instructed	   to	   turn	   right	  on	  Bethnal	  Green	  Road	  and	   then	   left	  on	  Shoreditch	  High.	  As	   there	  
are	   plentiful	   auditory	   instructions	   generated	   by	   the	   device,	   the	   user	   does	   not	   consult	   any	  
further	  with	  the	  visual	  display.	  At	   the	  end	  of	  Bethnal	  Green	  Road	  and	  user	   is	   instructed	  to	  
turn	  left	  and	  keep	  left.	  As	  the	  driver	  is	  instructed	  to	  keep	  left,	  she	  continues	  on	  Commercial	  
Street.	  
The	   user	   starts	   driving	   down	   Commercial	   Street.	   As	   there	   are	   no	   auditory	   commands	  
generated	  by	  the	  system	  during	  the	  half-­‐mile	  stretch	  of	  Road	  the	  driver	  glances	  periodically	  
at	  the	  display	  to	  see	  what	  is	  happening.	  	  
As	   the	  driver	  approaches	   the	  Aldgate	   system,	   the	  system	   instructs	   the	  user	   to	  make	  a	   left	  
turn	  and	  keep	  right.	  As	  soon	  as	  the	  user	  is	  on	  Whitechapel	  High	  Street,	  she	  is	  instructed	  to	  
‘keep	  right	  then	  bear	  right.’	  The	  user	  misunderstands	  the	  instructions	  and	  instead	  of	  keeping	  
right	  on	  Braham	  Street,	  stays	   in	  the	  same	  lane	  continuing	  on	  Whitechapel	  High	  Street	  (see	  
Figure	  Appendix	  X-­‐5,	  Mark	  6).	  As	   soon	  as	   the	  user	   takes	   the	  wrong	   turn,	   she	   realises	   that	  
something	  is	  wrong.	  She	  is	  persistently	  looking	  at	  the	  device	  to	  figure	  what	  is	  happening	  and	  
asking	  the	  observer	  whether	  she	  did	  something	  wrong.	  As	  the	  system	  automatically	  reroutes	  
the	  driver	  is	  unsure	  what	  happened.	  As	  a	  result	  she	  is	  staring	  at	  the	  device,	  while	  the	  car	  is	  
moving.	  This	  is	  very	  different	  to	  her	  previous	  behaviour	  during	  the	  trial	  when	  she	  would	  only	  
take	  extremely	  brief	  glances	  on	  the	  device.	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As	  the	  driver	  continues	  of	  the	  revised	  route,	  she	  is	  asked	  to	  make	  a	  right	  turn	  on	  Alder	  Street.	  
At	   the	  end	  of	   the	   road	   the	  driver	   is	   asked	   to	   turn	   right	   in	  order	   to	   join	  Commercial	  Road.	  
Although	   there	   are	   no	   instructions	   provided	   by	   the	   system,	   the	   driver	   is	   expected	   to	   go	  
straight	   on,	   as	   she	   joins	   again	   Braham	   Street	   on	   the	   roundabout.	   As	   the	   user	   approaches	  
Leman	  Street,	  a	  road	  vertical	  to	  Braham	  Street,	  the	  systems	  issues	  the	  instruction	  ‘after	  200	  
yards	  bear	  right	  then	  turn	  left.’	  At	  this	  point	  the	  user	  is	  stressed	  that	  she	  took	  a	  wrong	  turn	  
earlier.	  She	  now	  believes	  that	  the	  first	  part	  of	  the	  command	  came	  late	  –	  as	  the	  device	  has	  
been	   quite	   at	   the	   previous	   junction	   –	   and	   executes	   immediately	   the	   2nd	   part	   of	   the	  
instruction.	  As	  a	  result	  she	  takes	  an	   incorrect	  turn	  on	  Leman	  Street,	  while	  she	  should	  have	  
stayed	   on	   the	   same	   street	   for	   another	   200	   yards.	   Quite	   interestingly,	   the	   user	   does	   not	  
realise	  that	  a	  wrong	  turn	  has	  been	  taken.	  
As	   she	   drives	   down	   Leman	   Street,	   a	   new	   route	   is	   generated,	   the	   device	   announces	   an	  
upcoming	   right	   turn	   (on	  Prescot	  Street).	  At	   the	   junction	  of	  Prescot	  and	  Mansell	   Street	   the	  
driver	  is	  asked	  to	  keep	  right	  and	  then	  bear	  left.	  The	  user	  bears	  left	  as	  she	  finally	  reaches	  the	  
destination	  –	  to	  her	  relief.	  
The	  user’s	   confidence	   fell	   significantly,	   since	   she	   realised	   that	   she	   took	   a	  wrong	   turn.	   She	  
immediately	  appeared	  more	  stressed,	  and	  started	  spending	  more	  time	  looking	  at	  the	  device	  
than	  before.	  Furthermore,	  she	  made	  another	  error	  which	  was	  completely	  unexpected.	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User	  4	  
The	  user	  falls	  within	  the	  20-­‐30	  age	  range	  for	  this	  study.	  He	  is	  a	  confident	  driver	  with	  more	  
than	   six	   years	   driving	   experience.	   He	   drives	   occasionally	   and	  mainly	   out	   of	   London.	   He	   is	  
educated	   to	   graduate	   level	   and	   is	   novice	   in	   the	   use	   of	   IT	   systems.	   The	   user	   had	   no	  
experience	  with	  navigation	  devices	  prior	  to	  the	  participation	  in	  the	  study.	  The	  driver	  is	  quite	  
relaxed	  and	  confident.	  This	  is	  reflected	  in	  his	  driving,	  as	  he	  does	  not	  at	  any	  time	  appear	  to	  be	  
stressed	  at	  all.	  
The	   car	   is	   temporarily	   stationed	   on	   Roman	   Road,	   while	   the	   navigation	   device	   is	   being	  
prepared	  for	  the	  task.	  As	  soon	  as	  the	  programming	  is	  completed,	  the	  user	  is	  asked	  to	  start	  
driving	   by	   the	   observer.	   The	   driver	   starts	   the	   car	   and	   navigates	   towards	   the	   junction	   of	  
Bethnal	   Green	   and	   Cambridge	   Heath	   Road.	   There	   is	   some	   traffic	   in	   the	   area	   and	   it	   takes	  
several	   minutes	   to	   reach	   the	   junction.	   The	   driver	   briefly	   glance	   the	   display	   of	   the	   device	  
when	  stationary.	  As	  the	  user	  approaches	  the	  junction	  there	  is	  no	  auditory	  feedback	  coming	  
from	  the	  device.	  	  
He	  continues	  on	  Bethnal	  Green	  Road	  and	  he	  is	  wondering	  when	  the	  device	  is	  going	  to	  speak	  
next.	   As	   the	   driver	   approaches	   ‘Rushmead’	   the	   system	   generates	   the	   first	   auditory	  
instruction.	   He	   successfully	   carries	   out	   the	   auditory	   instruction	   turning	   first	   on	   Rushmead	  
and	   then	   on	   Florida	   Street.	   The	   user	   is	   paying	   no	   attention	   to	   the	   visual	   display	   as	   he	   is	  
concentrating	  on	  the	  road,	  but	  checks	  the	  display	  to	  confirm	  the	  route	  once	  the	  turn	  is	  made	  
on	  Florida	  Street.	   	   ‘Turn	   left,	   then	   turn	   right’	  was	   the	   last	  auditory	   instruction	  provided	  by	  
the	  system	  while	  on	  Rushmead.	  The	  user	  is	  misled	  by	  the	  auditory	  instruction	  and	  is	  about	  to	  
make	  an	  early	  turn	  on	  Polland	  Street	  instead	  of	  Polland	  Row	  (see	  Figure	  Appendix	  X-­‐3,	  Mark	  
2).	  As	  he	   is	   getting	   ready	   to	  manoeuvre,	   he	   looks	   at	   the	  display	   and	   keeps	   going	   straight.	  
Instead,	  he	  follows	  another	  auditory	  instruction	  and	  turns	  right	  on	  Polland	  Row.	  The	  driver	  
at	  this	  point	  complains	  about	  his	  visibility	  on	  the	  road,	  as	  there	  are	  cars	  parked	  on	  the	  corner.	  	  
The	  user	  drives	  down	  Polland	  Row	  and	  joins	  Gosset	  Road,	  following	  a	  ‘turn	  left’	  instruction.	  
The	  user	  drives	  on	  Gosset	  Road	  (long	  stretch	  of	  road)	  without	  checking	  at	  all	  on	  the	  device	  
what	   the	   next	   turn	   is;	   he	   is	   totally	   dependant	   on	   the	   auditory	   feedback.	   Eventually,	   he	  
reaches	   the	   end	   of	   the	   road,	   where	   the	   device	   instructs	   the	   driver	   to	   do	   a	   left	   turn	   on	  
Columbia	   Road.	   The	   user	   drives	   on	   Columbia	   Road	   until	   the	   junction	  with	   Hackney	   Road,	  
where	  the	  system	  generates	  the	  instruction	  ‘turn	  left	  and	  then	  turn	  left.’	  The	  driver	  repeats	  
the	  instruction	  aloud,	  without	  looking	  at	  the	  device,	  but	  checking	  the	  priority	  of	  way.	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  As	   the	   user	   approaches	   Old	   Street	   junction	   there	   is	   some	   traffic	   building	   up.	   A	   new	  
instruction	   is	  generated	  by	   the	   system	   ‘Turn	   left,	   then	  cross	   the	   roundabout,	  3rd	  exit’.	   The	  
driver	  seems	  to	  be	  indifferent	  to	  the	  instruction	  as	  he	  briefly	  catches	  a	  glimpse	  of	  the	  device	  
display.	   As	   the	   user	   starts	   driving	   past	   the	   junction,	   he	   starts	   saying	   how	   difficult	   it	   is	   to	  
navigate	   in	  Hanger	  Lane	   in	   the	  North	  Circular.	  The	  user	  does	  not	  realise	   that	   that	   the	  turn	  
was	  so	  close	  to	  the	  junction	  and	  does	  not	  allow	  enough	  time	  to	  turn,	  as	  the	  turn	  instruction	  
is	  generated	  too	  late.	  The	  driver	  immediately	  realises	  that	  he	  missed	  his	  turn.	  
The	  device	   starts	   the	   rerouting	  and	   instructs	   the	  user	   to	   turn	   left	  on	  Bethnal	  Green	  Road.	  
Once	  on	  Bethnal	  Green	  Road,	  the	  device	  navigates	  the	  user	  to	  Club	  Row.	  As	  he	  approached	  
the	  Club	  Row,	   from	  a	  different	   than	  expected	  direction,	   it	   has	   implications	  on	   the	   routing	  
because	   of	   the	   intermediate	   waypoint.	   As	   a	   result,	   the	   device	   is	   asking	   the	   user	   to	   turn	  
around	  on	  Club	  Row.	  The	  user	  cannot	  understand	  the	  ‘strange’	  behaviour	  of	  the	  system.	  The	  
observer	   instructs	   the	   driver	   to	   keep	   going	   straight	   on	   the	   road	   towards	  Arnold	   Circus,	   in	  
order	  to	  avoid	  a	  possibly	  perilous	  u-­‐turn.	  Once	  in	  the	  circus,	  the	  user	  looks	  at	  the	  device,	  but	  
no	   new	   route	   has	   been	   generated.	   As	   a	   result	   the	   user	   keeps	   driving	   around	   the	   circle.	  
Eventually	  due	  to	  the	  lack	  of	   instructions,	  as	  the	  user	  keeps	  looking	  at	  the	  device,	  the	  user	  
decides	  to	  return	  on	  the	  same	  road	  he	  came	  from.	  At	  that	  point	  he	  also	  realises	  that	  part	  of	  
the	  route	  is	  also	  show	  on	  the	  road	  he	  came	  from	  (Club	  Row).	  As	  the	  user	  drove	  down	  Club	  
Row	  towards	  Bethnal	  Green,	  the	  device	  generated	  after	  a	   long	  time	  the	  first	   instruction	  to	  
run	  right	  on	  Bethnal	  Green.	  As	  the	  user	  though	  went	  quite	  fast	  over	  a	  speed-­‐bump	  some	  of	  
the	  equipment	  was	  disconnected	  and	  the	  experiment	  was	  paused	  for	  several	  minutes.	  
Once	   the	   connections	  were	   restored,	   the	   driver	   is	   ready	   to	  make	   a	   right	   turn	   on	   Bethnal	  
Green	  Road.	  At	  the	  end	  of	  Bethnal	  Green	  Road	  and	  user	  is	   instructed	  to	  turn	  left	  and	  keep	  
left.	   Another	  problem	  emerged	   at	   this	   point	   as	   the	   system	  was	   trying	   to	   reroute	   the	  user	  
back	  to	  Arnold	  Circus.	  The	  system	  was	  reprogrammed	  on	  the	  go	  and	  the	  trial	  continued.	  As	  
the	  driver	  is	  instructed	  to	  keep	  left,	  he	  continues	  on	  Commercial	  Street.	  
The	  user	  starts	  driving	  down	  Commercial	  Street.	  Although	  there	  are	  no	  auditory	  commands	  
generated	  by	   the	   system	  during	   the	  half-­‐mile	   stretch	  of	   road	   the	  driver	   glances	   anywhere	  
but	  on	  the	  device	  display.	  As	  he	  approached	  the	  roundabout	  system,	  the	  device	  instructs	  the	  
user	  to	  make	  a	  left	  turn	  and	  keep	  right.	  	  While	  the	  car	  is	  stationary,	  before	  the	  roundabout	  
the	  user	  briefly	  looks	  at	  the	  device.	  Next	  instruction	  coming	  is	  ‘Keep	  right,	  Bear	  right’,	  as	  the	  
user	  turns	  on	  Braham	  Street.	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As	   the	   user	   approaches	  Mansell	   Street,	   the	   system	   issues	   the	   instruction	   ‘turn	   right,	   then	  
bear	   left’.	   	   The	  user	   is	  not	   in	   the	   right	   lane.	  Although	  he	   turns	   right	  on	  Mansell	   Street,	  he	  
does	   not	   have	   adequate	   time	   to	  make	   the	   left	   turn	   after	  Mansell	   Street	   as	   required.	   The	  
proximity	   between	   the	   commands	   was	   not	   enough	   for	   the	   user	   to	   successfully	   complete	  
them.	   The	   user	   goes	   again	   one	  more	   time	   around	   the	   roundabout.	   This	   time	   he	   says	   he	  
knows	  what	   he	   is	   doing.	   Nevertheless,	   he	   follows	   the	   instructions	   and	  misses	   a	   potential	  
shortcut	   that	   could	  have	   taken	  him	   faster	   around	   the	   system.	  Quite	   strangely,	   the	   system	  
stop	   issuing	   auditory	   instructions	   once	   he	   has	   reached	   Braham	   Street	   on	   the	   system	   and	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User	  5	  
The	   user	   falls	   within	   the	   20-­‐30	   age	   range	   for	   this	   study.	   She	   has	   approximately	   6	   years	  
driving	   experience.	   She	   is	   educated	   to	   GCSE	   level	   and	   is	   comfortable	   in	   the	   use	   of	   IT	  
equipment.	  The	  user	  had	  no	  experience	  with	  navigation	  devices	  prior	  to	  the	  participation	  in	  
the	   study.	   Her	   first	   exposure	   to	   navigation	   devices	   occurred	   during	   the	   preparatory	  week	  
before	  the	  trial.	  Although	  she	  drives	  a	  lot	  in	  London,	  the	  user	  does	  not	  have	  any	  experience	  
in	  driving	  in	  this	  part	  of	  London.	  	  
The	   user	   starts	   driving	   as	   soon	   as	   the	   programming	   of	   the	   device	   is	   completed	   by	   the	  
observer	   and	   the	   destination	   has	   been	  put	   as	   prescribed	   in	   the	   scenario.	   The	  user	   is	   very	  
confident	   and	   ready	   to	   start.	   She	   starts	   driving	   from	  Roman	   Road	   and	   crosses	   Cambridge	  
Heath	  Road	  in	  order	  to	  continue	  on	  Bethnal	  Green	  Road	  (see	  Figure	  Appendix	  X-­‐2).	  	  
The	   driver	   is	   currently	   on	   Bethnal	   Green	   Road	   and	   he	   is	   asked	   to	   make	   a	   right	   turn	  
(Rushmead	  Road)	   followed	  by	   a	   left	   turn.	  Once	  on	  Rushmead	  Road,	   the	  user	   receives	   the	  
auditory	   instruction	   ‘turn	   left	   and	   then	   turn	   right’.	   	   The	   driver	   is	   required	   to	   ‘turn	   left’	  
(Florida	  Street)	  and	  then	  ‘turn	  right’.	  The	  driver	  successfully	  makes	  the	  first	  turn	  and	  starts	  
driving	  on	  Florida	  Street.	  At	   this	  point	  according	  to	  the	  system	  route,	   the	  user	  should	  take	  
the	   2nd	   right	   turn	   and	   not	   the	   1st	   as	   was	   implied	   by	   the	   previous	   auditory	   instruction.	  
Although	  no	   additional	   auditory	   instruction	   is	   given	  by	   the	   system	  and	  without	   consulting	  
the	   visual	   display,	   the	   user	  makes	   an	   ‘incorrect	   turn’	   on	   Polland	   Street	   instead	   of	   Polland	  
Row	  (see	  Figure	  Appendix	  X-­‐3,	  Mark	  2).	  The	  user	  realise	  that	  a	  wrong	  turn	  has	  been	  taken	  as	  
she	  glances	  at	  the	  device.	  The	  user	  keeps	  going	  on	  the	  current	  road	  (Polland	  Street)	  until	  she	  
reaches	  Polland	  Row	  where	   the	  system	  generates	   the	  next	  auditory	   instruction.	   Initially	   to	  
make	  a	  right	  turn	  (Polland	  Row)	  and	  then	  a	  left	  turn	  (Gosset	  Street).	  
The	  user	  drives	  on	  Columbia	  Road	  until	   the	   junction	  with	  Hackney	  Road.	  At	   this	  point	   the	  
device	  instructs	  (audio)	  about	  an	  immediate	  left	  turn	  on	  Hackney	  Road	  followed	  by	  another	  
left	  turn.	  The	  user	  keeps	  driving	  on	  until	  the	  junction	  with	  the	  Old	  Street,	  where	  the	  driver	  is	  
instructed	  to	  make	  a	  left	  turn	  on	  Calvert	  Avenue.	  	  
At	   this	   point	   the	   user	   has	   turned	   on	   Calvert	   Street	   and	   approaches	   the	   first	   roundabout	  
(Arnold	   Circus	   Figure	   Appendix	   X-­‐4);	   she	   receives	   the	   auditory	   instruction	   ‘cross	   the	  
roundabout,	  3rd	  exit	  (Club	  Row),	  then	  turn	  right’.	  Since	  there	  is	  no	  auditory	  feedback	  while	  in	  
the	  roundabout	  the	  user	  keeps	  staring	  on	  the	  device	  in	  order	  to	  make	  the	  correct	  turn.	  She	  
slows	  down	  the	  car	  in	  order	  to	  be	  able	  to	  look	  at	  the	  device	  and	  decide	  when	  to	  turn.	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The	   user	   is	   driving	   now	   down	   Club	   Row	   waiting	   for	   the	   next	   instruction.	   The	   user	   is	  
instructed	  to	  turn	  right	  on	  Bethnal	  Green	  Road	  and	  then	   left	  on	  Shoreditch	  High	  Street.	  At	  
the	  end	  of	  Bethnal	  Green	  Road	  and	  user	  is	  instructed	  to	  turn	  left	  and	  keep	  left.	  As	  the	  driver	  
is	  instructed	  to	  keep	  left,	  she	  continues	  on	  Commercial	  Street.	  
The	  user	  complains	  about	   the	   lack	  of	  auditory	   feedback	  as	   it	   finally	  manifests	  when	  she	   is	  
closer	  to	  Aldgate	  (see	  Figure	  Appendix	  X-­‐5).	  The	  user	  follows	  the	  instructions	  of	  the	  device	  
and	  enters	   the	  Aldgate	  System	  and	  keeps	   right.	  The	  driver	  keeps	  going	  on	   the	  system	  and	  
keeps	  right,	  until	   the	   junction	  with	  Mansell	  Street	  where	  she	   is	  asked	  to	  make	  a	  right	  turn	  
and	  then	  a	  turn	  left	  to	  reach	  Aldgate	  Station.	  The	  user	  again	  is	  not	  in	  the	  right	  lane.	  Although	  
she	   turns	   right	  on	  Mansell	   Street,	   she	  does	  not	  have	  adequate	   time	   to	  make	   the	   left	   turn	  
towards	   Aldgate.	   As	   such,	   she	   follows	   the	   instructions	   and	   keeps	   going	   around	   the	  
roundabout	  for	  another	  go	  –	  clearly	  annoyed.	  The	  user	  eventually	  reaches	  the	  same	  point,	  
while	  she	  is	  currently	  in	  the	  right	  lane	  and	  manages	  to	  make	  the	  left	  turn	  on	  Aldgate.	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User	  6	  
The	  user	  falls	  within	  the	  30-­‐40	  age	  range	  for	  this	  study.	  He	  is	  a	  confident	  driver	  with	  more	  
than	  a	  decade	  driving	  experience.	  He	  is	  educated	  to	  graduate	  level	  and	  is	  quite	  experienced	  
in	  the	  use	  of	  IT	  systems.	  The	  user	  has	  lots	  of	  experience	  in	  the	  use	  of	  navigation	  devices,	  as	  
he	  uses	  one	  to	  navigate	   in	  London.	  As	  such,	  he	  appeared	  quite	  confident	   in	  the	  use	  of	  the	  
device	  and	  accustomed	  to	  following	  the	  instructions	  as	  generated	  by	  the	  device.	  
The	   car	   is	   temporarily	   stationed	   on	   Roman	   Road,	   while	   the	   navigation	   device	   is	   being	  
prepared	   for	   the	   task	  by	   the	  observer.	  As	  soon	  the	  programming	   is	  completed,	   the	  user	   is	  
asked	  to	  start	  driving.	  The	  driver	  starts	  the	  car	  and	  navigates	  towards	  the	  junction	  of	  Bethnal	  
Green	  and	  Cambridge	  Heath	  Road.	  The	  driver	  briefly	  looks	  at	  the	  display	  of	  the	  device	  whilst	  
stationary	   at	   the	   traffic	   light.	   As	   the	   user	   approaches	   the	   junction	   there	   is	   no	   auditory	  
feedback	  coming	  from	  the	  device.	  	  
As	   the	   driver	   approaches	   ‘Rushmead	   Road’	   the	   system	   generates	   the	   first	   auditory	  
instruction.	   He	   successfully	   carries	   out	   the	   auditory	   instruction	   turning	   first	   on	   Rushmead	  
Road	  and	  then	  on	  Florida	  Street.	  The	  user	  is	  paying	  no	  attention	  to	  the	  visual	  display	  as	  he	  is	  
concentrating	  on	  the	  road,	  but	  checks	  the	  display	  to	  confirm	  the	  route	  once	  the	  turn	  is	  made	  
on	  Florida	  Street.	   	   ‘Turn	   left,	   then	   turn	   right’	  was	   the	   last	  auditory	   instruction	  provided	  by	  
the	  system	  while	  on	  Rushmead.	  As	  he	  is	  moving	  on	  Florida	  Street,	  he	  checks	  the	  display	  and	  
keeps	  going	  straight.	  The	  next	  auditory	  instruction	  asks	  him	  to	  turn	  right	  on	  Polland	  Row.	  	  
The	  user	  drives	  down	  Polland	  Row	  and	  joins	  Gosset	  Road,	  following	  a	  ‘turn	  left’	  instruction.	  
The	   user	   drives	   on	   Gosset	   Road	   (long	   stretch	   of	   road)	   looking	   at	   frequent	   intervals	   the	  
device,	   in	   order	   to	   see	   what	   the	   next	   turn	   is;	   he	   is	   totally	   dependant	   on	   the	   auditory	  
feedback.	  Eventually,	  he	  reaches	  the	  end	  of	  the	  road,	  where	  the	  device	  instructs	  the	  driver	  
to	  do	  a	  left	  turn	  on	  Columbia	  Road.	  The	  user	  drives	  on	  Columbia	  Road	  until	  the	  junction	  with	  
Hackney	  Road,	  where	  the	  system	  generates	  the	  instruction	  ‘turn	  left	  and	  then	  turn	  left.’	  	  
	  As	  the	  user	  approaches	  the	  Old	  Street	  junction	  a	  new	  instruction	  is	  generated	  by	  the	  system	  
‘Turn	  left,	  then	  cross	  the	  roundabout,	  3rd	  exit’.	  The	  user	  starts	  on	  the	  roundabout	  and	  takes	  
the	  wrong	  turn	  (misses	  the	  turn).	  At	  the	  same	  time	  there	  is	  not	  another	  auditory	  cue	  from	  
the	  device	   for	  an	   immediate	  turn.	  As	   the	  user	  catches	  a	  glimpse	  of	   the	  display,	  he	  realises	  
that	  a	  wrong	  turn	  has	  been	  taken	  (Figure	  Appendix	  X-­‐4,	  Mark	  17).	  Following	  the	  wrong	  turn,	  
the	  device	  reroutes	  the	  user	  through	  Old	  Nichol	  Street	  with	  a	  left	  and	  a	  right	  turn	  in	  order	  to	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join	   again	   Club	   Row.	   The	   user	   drives	   on	   Club	   Row,	   until	   he	   reaches	   Bethnal	   Green	   Road,	  
where	  he	  is	  instructed	  to	  make	  a	  right	  turn	  (turn	  right,	  then	  at	  the	  end	  of	  the	  road	  turn	  left).	  
The	   user	   starts	   driving	   down	   Commercial	   Street.	   As	   there	   are	   no	   auditory	   commands	  
generated	   by	   the	   system	   on	   this	   part	   of	   the	   route	   the	   driver	   glances	   periodically	   on	   the	  
display	  to	  see	  what	  is	  happening.	  	  
As	   the	  driver	  approaches	   the	  Aldgate	   system,	   the	  system	   instructs	   the	  user	   to	  make	  a	   left	  
turn	  and	  keep	  right.	  As	  soon	  as	  the	  user	   is	  on	  Whitechapel	  High	  Street,	  he	   is	   instructed	  to	  
‘keep	  right	  then	  bear	  right.’	  The	  user	   is	  momentarily	  confused	  and	  is	  unsure	  whether	  he	   is	  
going	   straight	   on	   Whitechapel	   High	   Street	   or	   turning	   right	   on	   Braham	   Street.	   The	   user	  
eventually	  makes	  the	  right	  choice,	  but	  only	  after	   looking	  for	  too	  long	  at	  the	  display.	  This	   is	  
followed	  by	  further	  instructions	  to	  ‘bear	  right,	  and	  then	  turn	  right’	  on	  Braham	  Street.	  Once	  
on	  Braham	  Street,	  the	  user	  is	  directed	  on	  to	  ‘turn	  right	  and	  bear	  left’	  on	  Mansell	  Street.	  The	  
user	  continues	  on	  Mansell	  Street	  and	  signals	  correctly	  to	  turn	  left,	  before	  the	  last	  instruction	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Appendix	  XI. Extract	  from	  Cognitive	  Walkthrough	  Analysis	  
Task	  1	  	  
You	  are	  now	  ready	  to	  pick	  up	  the	  food	  from	  Aldgate.	  Your	  colleagues	  have	  already	  done	  all	  
the	  shopping	  for	  you	  and	  they	  are	  waiting	  by	  the	  Aldgate	  underground.	  
	  
-­‐-­‐>	  Follow	  the	  TomTom	  instructions	  to	  Aldgate	  underground	  station.	  
	  
Step	  1	   Start	  driving	  according	  to	  the	  instructions	  provided	  by	  the	  device	  
	  
	  
Figure	  Appendix	  XI-­‐6	  	  Starting	  navigation	  
Voice	  instruction:	  none	  
	  
Question	  1:	  Will	  the	  users	  try	  to	  achieve	  the	  right	  effect?	  
Yes.	  The	  driver	  has	  programmed	  the	  device	  and	  expects	  instructions	  on	  how	  to	  achieve	  this	  
goal	  –	  get	  to	  the	  destination.	  
	  
Question	  2:	  	  Will	  the	  user	  notice	  the	  correct	  action	  is	  available?	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No.	  At	   this	  point	   the	   system	  does	  not	  give	  any	   instruction	   to	   the	  driver.	   There	   is	  no	  voice	  
instruction	  and	  the	  graphic	  display	  is	  quite	  misleading.	  
	  
Question	  3:	  	  Will	  the	  user	  associate	  the	  correct	  action	  with	  the	  effect	  trying	  to	  be	  achieved?	  
Eventually	  the	  driver	  will	  start	  the	  car,	  drive	  forward	  and	  hope	  that	  somehow	  the	  device	  will	  
deliver	  the	  instructions.	  
	  
Question	  4:	   If	  the	  correct	  action	  is	  performed,	  will	  the	  user	  see	  that	  progress	  is	  being	  made	  
towards	  solution	  of	  the	  task?	  
If	   the	   driver	   starts	   driving	   towards	   the	   directions	   expected	   by	   the	   device,	   the	   device	   will	  
provide	  the	  appropriate	  feedback	  to	  the	  user,	  i.e.	  move	  the	  arrow	  on	  the	  screen.	  Otherwise,	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Observations	  
Question	  i:	   Are	  experience	  or	  training	  needed?	  
Once	   the	   user	   is	   more	   experienced	   with	   the	   device,	   it	   will	   be	   easier	   to	   understand	   the	  
deficiencies	  of	  the	  interface.	  
	  	  	  If	  so,	  
	  	  	  a.	  Is	  this	  kind	  of	  step	  common	  or	  rare?	  
common	  
	  	  	  b.	  Will	  training	  be	  easy	  or	  difficult?	  
n/a	  	  
Question	  ii:	   Is	  the	  step	  correct	  in	  terms	  of	  function?	  
Question	  iii:	   Are	  particular	  errors	  likely?	  
• As	  stated	  before,	  the	  system	  does	  not	  issue	  any	  guidance	  to	  the	  driver.	  This	  puts	  the	  
driver	  in	  an	  awkward	  position	  as	  it	  is	  not	  evident	  what	  is	  expected	  to	  be	  done.	  The	  
system	  expects	   from	  the	  driver	   to	  start	  driving,	  without	   issuing	  an	   instruction.	  The	  
driver	  doesn’t	  necessarily	  know	  that	  the	  system	  is	  ready	  to	  start	  navigation.	  
• Even	   when	   the	   driver	   realises	   that	   the	   system	   is	   ready,	   it	   is	   still	   not	   clear	   to	   the	  
driver	  if	  the	  direction	  of	  the	  car	  is	  correctly	  captured	  by	  the	  device.	  As	  a	  result	  if	  the	  
car’s	   direction	   is	   different	   to	   the	   one	   captured	   by	   the	   device,	   the	   system	   will	  
automatically	   start	   recalculating	   routes	   or	   repeatedly	   giving	   the	   voice	   instruction	  
‘turn	  around	  when	  possible’,	  confusing	  the	  user.	  
	  
If	  so,	  what	  is	  their	  impact	  on	  safety?	  	  
• If	   the	   car	   is	   moving	   in	   the	   wrong	   direction,	   the	   system	   will	   be	   busy	  
recalculating	   routes,	   while	   the	   car	   is	   already	   moving	   and	   the	   driver	  
expects	  instructions.	  	  At	  the	  same	  time	  the	  driver	  will	  also	  be	  distracted	  
by	  the	  device,	  in	  order	  to	  understand	  what	  is	  happening,	  thus	  diverting	  
the	   attention	   from	   the	   road.	   This	   will	   affect	   both	   the	   stress	   level	   and	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attention	  of	   the	  driver.	  The	  user	  might	  even	  attempt	   to	  do	  a	  u-­‐turn	   in	  
order	  to	  resolve	  the	  situation	  increasing	  the	  chances	  of	  an	  accident.	  
• The	   repeated	   voice	   instruction	   can	   also	   be	   very	   annoying	   to	   the	   user,	  
especially	  as	  this	  will	  be	  the	  first	  instruction	  by	  the	  system.	  
	  
Question	  iv:	   Design	  suggestions	  
• The	  system	  should	  be	  enhanced	  to	  take	   into	  consideration	  the	  direction	  of	   the	  car	  
when	  calculating	  the	  route.	   If	  this	  cannot	  be	  done	  automatically	  by	  the	  device,	  the	  
user	  should	  be	  able	  to	  communicate	  the	  information	  to	  the	  device.	  
• Once	  the	  route	  is	  calculated,	  the	  system	  should	  give	  some	  kind	  of	  indication	  to	  the	  
driver	  of	  what	   is	  expected	  to	  happen	  now.	  This	  can	  be	   in	  a	   form	  of	  a	  dialogue	  box	  
asking	   the	   system	   to	   begin	   navigation	   or	   a	   voice	   instruction	   by	   the	   system	   (e.g.,	  
Please	  start	  car	  and	  go	  straight	  on	  Roman	  Road).	  
• If	   the	  system	  decides	   to	   recalculate	   the	   route	   some	  voice	   feedback	  should	  also	  be	  
provided	  to	  the	  user,	  in	  order	  to	  minimise	  the	  visual	  requirements	  to	  the	  driver.	  The	  
system	  could	  start	  with	  a	  message	  as	  ‘Route	  is	  being	  recalculated’	  and	  continue	  with	  
‘Your	  route	  has	  been	  revised’.	  This	  will	  enable	  the	  driver	  to	  be	  aware	  of	  the	  state	  of	  
the	  device	  with	  protracted	  glancing	  on	  the	  device.	  
	  
Question	  v:	   Other	  comments	  
• There	   is	   no	   clear	   indication	   on	   the	   destination	   that	   is	   currently	   programmed	   or	  
about	   the	   name	   of	   the	   road	   where	   the	   driver	   is	   currently	   located.	   Especially	   the	  
latter	   is	   essential	   in	   order	   for	   the	   driver	   to	   establish	   a	   match	   between	   the	  
surroundings	  and	  what	  is	  shown	  on	  the	  device.	  
• The	  driver	  will	  be	  further	  confused	  by	  the	  information	  displayed	  by	  the	  system.	  The	  
apparent	   lack	   of	   labels	   makes	   it	   almost	   impossible	   to	   decipher	   the	   information	  
provided	   by	   the	   system.	   Although	   display	   space	   comes	   at	   a	   premium,	   unlabelled	  
information	  will	   remain	  most	  probably	   incomprehensible	  by	   the	  user.	  For	  example	  
on	  the	  bottom	  part	  of	  the	  screen	  there	  is	  a	  field	  which	  is	  supposed	  to	  be	  displaying	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the	  name	  of	   the	  next	  street	  to	  turn	  onto.	  This	   field	   is	  not	   labeled	  and	   is	  separated	  
from	  other	   relevant	   information	   it	   should	   have	   been	   grouped	  with	   ‘direction’	   and	  
‘distance	  to	  next	  turn’.	  	  
	  
Step	  2	   Drive	  on	  Roman	  Road	  and	  cross	  the	  junction	  to	  continue	  on	  Bethnal	  Green	  Road	  
	  
Question	  1:	  Will	  the	  users	  try	  to	  achieve	  the	  right	  effect?	  
In	  order	   to	  reach	  their	  goal	   they	  must	  successfully	   follow	  the	   instructions	  of	   the	  device.	   In	  
order	  to	  form	  this	  goal	  the	  right	  interpretation	  of	  the	  map	  must	  be	  made	  by	  the	  driver.	  
	  
Question	  2:	  	  Will	  the	  user	  notice	  the	  correct	  action	  is	  available?	  
The	   route	   is	   currently	   shown	   on	   the	   map.	   If	   the	   driver	   interprets	   the	   map	   correctly,	   the	  
correct	   action	   will	   be	   understood	   by	   the	   driver.	   The	   ‘red	   line’	   on	   the	   map	   is	   the	   only	  
indication	  of	  the	  correct	  route.	  The	  line	  can	  be	  easily	  missed	  or	  misinterpreted	  by	  the	  driver.	  	  
On	   the	   other	   hand	   there	   are	   conflicting	  messages	   perceived	   by	   the	   driver.	   There	   is	   a	   big	  
arrow	  prompting	  the	  driver	  to	  turn	  right.	  As	  the	  driver	  has	  not	  received	  any	   instruction	  by	  
the	  system,	  turning	  right	  at	  the	  junction	  is	  a	  strong	  candidate.	  	  
	  
Question	  3:	  	  Will	  the	  user	  associate	  the	  correct	  action	  with	  the	  effect	  trying	  to	  be	  achieved?	  
Quite	  unlikely.	  
	  
Question	  4:	   If	  the	  correct	  action	  is	  performed,	  will	  the	  user	  see	  that	  progress	  is	  being	  made	  
towards	  solution	  of	  the	  task?	  
The	  driver	  will	  have	  first	  to	  understand	  that	  the	  arrow	  displayed,	  actually	  represents	  the	  car	  
on	  the	  map.	  Then,	  the	  driver	  will	  be	  able	  to	  track	  the	   icon	  as	   it	  moves	  on	  the	  map.	   If	   they	  
understand	   the	   markings	   of	   the	   map,	   they	   will	   be	   able	   to	   see	   the	   cursor	   following	   the	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drafted	   route.	   Nevertheless,	   there	   will	   be	   no	   other	   visual	   (e.g.,	   message	   on	   screen)	   or	  
acoustic	  (e.g.,	  voice	  instruction)	  feedback	  that	  the	  driver	  is	  still	  on	  track.	  	  
Observations	  
Question	  i:	   Are	  experience	  or	  training	  needed?	  
As	  above	  
Question	  ii:	   Is	  the	  step	  correct	  in	  terms	  of	  function?	  
Yes	  
Question	  iii:	   Are	  particular	  errors	  likely?	  If	  so,	  what	  is	  their	  impact	  on	  safety?	  	  
• The	  driver	   is	  still	  not	  guided	  by	  the	  device.	  Again	  the	  driver	  will	  be	  confused	  at	  the	  
junction,	  as	  there	  is	  no	  clear	  indication	  on	  what	  is	  expected	  to	  be	  done.	  
• 	  If	  a	  right	  or	   left	  turn	  is	  taken	  the	  driver	  will	  be	  experiencing	  the	  same	  problems	  as	  
described	   in	   the	   previous	   step	   (re-­‐routing).	   During	   the	   automatic	   calculation	   the	  
driver	   is	  distracted	   from	   the	   road	   to	   the	  device,	  while	  at	   the	   same	   time	   there	   is	   a	  
growing	   feeling	   of	   uncertainty	   as	   the	   driver	   does	   not	   know	   where	   to	   drive	   to.	  
Calculation	  of	  a	  new	  route	  can	  take	  several	  seconds,	  depending	  on	  the	  length	  of	  the	  
route,	  resulting	  in	  a	  driver	  feeling	  completely	  lost	  during	  that	  time.	  
	  
Question	  iv:	   Design	  suggestions	  
• The	   problematic	   situation	   described	   above	   could	   easily	   be	   amended	   by	   providing	  
appropriate	  feedback	  to	  the	  driver	  and	  removing	  conflicting	  information.	  Since	  there	  
is	   a	   junction	   the	   driver	   expects	   some	   guidance.	   If	   the	   driver	   needs	   just	   to	   drive	  
straight	   through	   the	   junction,	   such	   information	   should	   be	   provided	   with	   such	  
information	  both	  visually	  and	  acoustically.	  
• The	   icon	   representing	   the	   car	   could	   potentially	   be	   replaced	   by	   something	   more	  
representative,	  such	  as	  a	  vehicle,	  etc.	  
• The	  name	  of	  the	  current	  street	  should	  somehow	  be	  visible	  on	  the	  screen.	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Step	  3	   Turn	  right	  on	  Rusmead	  Road	  
	  
	  
Figure	  Appendix	  XI-­‐7	  	  	  Turn	  left	  or	  right	  
Voice	  instruction:	  “Turn	  right	  then	  at	  the	  end	  of	  the	  road	  turn	  left”	  
Question	  1:	  Will	  the	  users	  try	  to	  achieve	  the	  right	  effect?	  
At	   this	  point	   in	   time	   the	  user	   receives	   the	  next	   instruction	   in	   two	  modalities;	  acoustic	  and	  
visual.	   If	  the	  user	  sticks	  to	  the	  acoustic	  modality	  the	  right	  goal	  will	  be	  formed.	   If	  the	  driver	  
also	  consults	  with	  the	  display	  problems	  might	  arise.	  
	  
Question	  2:	  	  Will	  the	  user	  notice	  the	  correct	  action	  is	  available?	  
The	  right	  direction	  is	  shown	  in	  green	  on	  the	  map	  and	  the	  correct	  vocal	   instruction	  is	  given.	  
Nevertheless,	  the	  user	  might	  be	  confused	  due	  to	  ‘peculiar’	  directions	  depicted	  by	  the	  arrows	  
on	  the	  screen.	  
	  
Question	  3:	  	  Will	  the	  user	  associate	  the	  correct	  action	  with	  the	  effect	  trying	  to	  be	  achieved?	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Question	  4:	   If	  the	  correct	  action	  is	  performed,	  will	  the	  user	  see	  that	  progress	  is	  being	  made	  
towards	  solution	  of	  the	  task?	  
Once	  the	  driver	  has	  turned	  right,	  the	  next	  instruction	  will	  be	  given	  by	  the	  device,	  while	  the	  
vehicle’s	   position	   is	   updated	   on	   the	  map.	  When	   the	   driver	   does	   not	   follow	   an	   instruction	  
correctly,	   the	   system	   automatically	   recalculates	   the	   route	   and	   gives	   new	   instructions,	  
without	  explicitly	  informing	  the	  user.	  	  This	  makes	  it	  difficult	  for	  the	  user	  to	  understand	  if	  the	  
correct	  action	  was	  performed,	  as	  the	  system	  perceives	  most	  user	  actions	  as	  correct	  –	  unless	  
you	  turn	  into	  a	  cul-­‐de-­‐sac.	  	  
	  
	  Observations	  
Question	  i:	   Are	  experience	  or	  training	  needed?	  
Users	  eventually	  will	   learn	   to	  avoid	   the	  meaningless	  piece	  of	   information	  displayed	  on	   the	  
screen.	  
	  	  	  If	  so,	  
	  	  	  a.	  Is	  this	  kind	  of	  step	  common	  or	  rare?	  
	  	  	  b.	  Will	  training	  be	  easy	  or	  difficult?	  n/a	  
Question	  ii:	   Is	  the	  step	  correct	  in	  terms	  of	  function?	  
n/a	  
	  
Question	  iii:	   Are	  particular	  errors	  likely?	  If	  so,	  what	  is	  their	  impact	  on	  safety?	  	  
A	  confused	  driver	  is	  increasing	  the	  risk	  of	  an	  incident.	  The	  difficulty	  of	  understanding	  what	  is	  
happening	  with	  the	  device,	  creates	  uncertainty	  with	  the	  user,	  while	  decreasing	  their	  trust	  in	  
the	  device.	  During	  this	  time	  the	  attention	  of	  the	  driver	  is	  shifted	  from	  the	  road	  to	  the	  device,	  
in	  order	  to	  understand	  what	  the	  correct	  action	  is.	  The	  driver	  might	  take	  a	  snap	  decision	  and	  
take	  a	  last	  second	  quick	  turn,	  in	  order	  to	  follow	  the	  instructions.	  At	  the	  same	  time	  the	  driver	  
will	  be	   looking	  outside	   the	  car	   for	  cues	  –	   signs,	  building,	  etc.	  –	   to	  decide	  what	   the	  correct	  
course	  of	  action	  is.	  All	  these	  factors	  can	  only	  decrease	  the	  car’s	  safety.	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Question	  iv:	   Design	  suggestions	  
• Redesign	  the	  turn	  indicator	  in	  a	  clear	  fashion.	  
• The	  little	  arrows	  shown	  on	  the	  roads	  on	  the	  map	  –	  showing	  road	  direction	  –	  might	  also	  
confuse	  the	  users,	  as	  they	  might	  believe	  it	  is	  an	  alternative	  route.	  
	  
Question	  v:	   Other	  comments	  
• Remove	   from	   the	   interface	   information	   which	   is	   irrelevant	   to	   the	   current	   task.	   For	  
example	  I	  can’t	  understand	  the	  point	  of	  the	  label	  on	  the	  top	  of	  the	  screen.	  According	  to	  
the	  manual	  this	   is	  the	  ‘Next	  motorway’	   indicator.	   It	  means	  that	  it	  shows	  the	  motorway	  
you	   might	   reach	   at	   some	   point	   in	   the	   future.	   I	   don’t	   see	   the	   usefulness	   of	   such	  
information,	   especially	   when	   navigating	   in	   a	   town.	   Another	   piece	   of	   information	  
cluttering	  the	  screen	  and	  confusing	  further	  the	  user	  about	  its	  use.	  
	  
	  
Step	  4	   Continue	  straight	  on	  ‘Florida	  Street’	  until	  you	  reach	  the	  end	  of	  the	  road	  
	  
	  
Figure	  Appendix	  XI-­‐8	  	  Turn	  right	  on	  Florida	  Street	  
	  
Voice	  instruction:	  “After	  100	  yards	  turn	  left	  then	  at	  the	  end	  of	  the	  road	  turn	  right”	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Question	  1:	  Will	  the	  users	  try	  to	  achieve	  the	  right	  effect?	  
Again	   there	   is	   a	  mismatch	  between	   the	  vocal	   instruction	  and	   the	  physical	   surroundings	  as	  
shown	  on	  the	  visual	  display.	  According	  to	  the	  vocal	  instruction	  the	  driver	  is	  expected	  to	  turn	  
left	  and	  then	  turn	  right,	  while	  the	  physical	  layout	  suggests	  that	  the	  driver	  will	  first	  turn	  right,	  
then	  left	  and	  right	  again.	  	  
	  
Question	  2:	  	  Will	  the	  user	  notice	  the	  correct	  action	  is	  available?	  
Yes	  
	  
Question	  3:	  	  Will	  the	  user	  associate	  the	  correct	  action	  with	  the	  effect	  trying	  to	  be	  achieved?	  
It	  depends	  on	  the	   interpretation	  that	   the	  driver	  makes	  on	  the	   information	  received	  by	  the	  
device.	  Nevertheless,	  confusion	  arises	  as	  the	  driver	  expects	  to	  make	  a	  left	  turn	  first,	  while	  a	  
right	  turn	  is	  required	  first!	  
	  
Question	  4:	   If	  the	  correct	  action	  is	  performed,	  will	  the	  user	  see	  that	  progress	  is	  being	  made	  
towards	  solution	  of	  the	  task?	  
Yes.	  Again	  if	  the	  driver	  does	  not	  take	  the	  correct	  turn,	  the	  lack	  of	  appropriate	  feedback	  will	  




Question	  i:	   Are	  experience	  or	  training	  needed?	  
no	  
	  	  	  If	  so,	  
	  	  	  a.	  Is	  this	  kind	  of	  step	  common	  or	  rare?	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  b.	  Will	  training	  be	  easy	  or	  difficult?	  
Question	  ii:	   Is	  the	  step	  correct	  in	  terms	  of	  function?	  
Question	  iii:	   Are	  particular	  errors	  likely?	  If	  so,	  what	  is	  their	  impact	  on	  safety?	  	  
• Once	  again	  there	  is	  confusion	  in	  this	  step.	  There	  is	  a	  counter	  intuitive	  instruction	  by	  the	  
system	  making	  the	  driver	  wonder	  where	  to	  go	  next.	  After	  the	  vocal	  instruction	  the	  driver	  
realises	   there	   is	   a	   problem.	   Again	   the	   attention	   is	   directed	   to	   the	   display	   in	   order	   to	  
understand	  what	   is	  happening.	  More	  confusion	   is	   created	  as	  he	  can	  only	  make	  a	   right	  
turn,	   although	   the	   system	   shows	   an	   arrow	   for	   a	   left	   turn.	   Eventually	   the	   driver	   turns	  
right	  –	  as	  there	  is	  no	  other	  way	  –	  and	  most	  probably	  misses	  the	  left	  turn	  suggested	  by	  
the	   device;	   even	  worse	   the	   driver	  might	  make	   an	   abrupt	   left	   turn,	   as	   the	   system	  will	  
most	  definitely	  generate	  another	  vocal	  instruction	  as	  the	  driver	  has	  made	  the	  right	  turn.	  
• In	  all	  the	  above	  cases	  there	  are	  safety	  concerns	  as	  the	  driver	  does	  not	  know	  what	  to	  do	  
next	  and	  spends	  time	   looking	  at	  the	  device	  to	  understand	  what	   is	  required	  to	  be	  done	  
next.	   Last	   minute	   manoeuvres	   by	   drivers	   are	   also	   risky,	   especially	   since	   the	  
concentration	   of	   the	   driver	   has	   been	   divided	   between	   the	   system	   and	   the	   road.	   In	  
addition	  the	  driver’s	  trust	  in	  the	  device	  is	  further	  reduced.	  
	  
Question	  iv:	   Design	  suggestions	  
• The	   redesign	   of	   these	   instructions	   is	   necessary	   to	   resolve	   this	   issue.	   For	   example,	   the	  
system	  could	   instruct	   the	  driver	   that	   there	   is	  a	   ‘right	   turn	   then	   immediate	   left	   turn’	   in	  
order	  to	  avoid	  the	  whole	  confusion.	  
	  
Question	  v:	   Other	  comments	  
• In	  this	  screen	  there	  is	  another	  inconsistency	  in	  respect	  to	  the	  field	  of	  the	  bottom	  of	  the	  
screen,	  where	  the	  name	  of	  the	  next	  street	  to	  turn	  onto	  appears.	  Although	  the	  driver	  is	  
already	  on	  ‘Florida	  Street’,	  he	  is	  expected	  to	  make	  a	  turn	  on	  this	  street	  again.	  Although	  
this	   information	  is	  correct	  as	  the	  same	  street	  continues,	   it	   is	  not	  clear	  from	  the	  system	  
that	  the	  driver	  just	  keeps	  on	  going	  on	  the	  same	  street.	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Step	  5	   Continue	  straight	  on	  ‘Florida	  Street’	  until	  you	  reach	  the	  end	  of	  the	  road	  
	  
Figure	  Appendix	  XI-­‐9	  	  Turn	  left	  on	  Columbia	  Road	  
Voice	  instruction:	  “At	  the	  end	  of	  the	  road	  turn	  left”	  
	  
Question	  1:	  Will	  the	  users	  try	  to	  achieve	  the	  right	  effect?	  
We	  are	  facing	  a	  similar	  situation,	  as	  reported	  in	  the	  previous	  step.	  Once	  again	  the	  driver	   is	  
receiving	   conflicting	   information	   from	   the	  device.	  According	   to	   the	  map	  at	   the	   end	  of	   the	  
road	  the	  user	  can	  only	  turn	  right!	  
	  
Question	  2:	  	  Will	  the	  user	  notice	  the	  correct	  action	  is	  available?	  
As	  the	  driver	  has	  no	  other	  option,	  the	  correct	  action	  will	  be	  eventually	  identified.	  
	  
Question	  3:	  	  Will	  the	  user	  associate	  the	  correct	  action	  with	  the	  effect	  trying	  to	  be	  achieved?	  
As	  above	  
	  
Question	  4:	   If	  the	  correct	  action	  is	  performed,	  will	  the	  user	  see	  that	  progress	  is	  being	  made	  
towards	  solution	  of	  the	  task?	  
Yes	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Observations	  
Question	  i:	   Are	  experience	  or	  training	  needed?	  
no	  
	  
Question	  ii:	   Is	  the	  step	  correct	  in	  terms	  of	  function?	  
	  
Question	  iii:	   Are	  particular	  errors	  likely?	  If	  so,	  what	  is	  their	  impact	  on	  safety?	  	  
Once	   again	   the	   driver	   is	   confused	   by	   the	   device,	   decreasing	   further	   his	   confidence	   in	   the	  
device.	  Again	  the	  extended	  glance	  at	  the	  device	  has	  an	  impact	  on	  the	  overall	  safety.	  
	  
Question	  iv:	   Design	  suggestions	  
The	  system	  should	  provide	  the	  driver	  with	  the	  necessary	   instructions	  even	  when	  there	   is	  a	  
compulsory	  turn	  ahead.	  
	  
Question	  v:	   Other	  comments	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Step	  6	   Cross	  Hackney	  Road	  to	  reach	  Waterson	  Road	  
	  
	  
Figure	  Appendix	  XI-­‐10	  	  Turn	  right	  Hackney	  Road	  
Voice	  instruction:	  “After	  300	  yards	  turn	  right	  then	  turn	  left”	  
	  
Question	  1:	  Will	  the	  users	  try	  to	  achieve	  the	  right	  effect?	  
Yes.	  
Question	  2:	  	  Will	  the	  user	  notice	  the	  correct	  action	  is	  available?	  
Yes.	  
Question	  3:	  	  Will	  the	  user	  associate	  the	  correct	  action	  with	  the	  effect	  trying	  to	  be	  achieved?	  
Yes	  
Question	  4:	   If	  the	  correct	  action	  is	  performed,	  will	  the	  user	  see	  that	  progress	  is	  being	  made	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Observations	  
Question	  i:	   Are	  experience	  or	  training	  needed?	  
no	  
Question	  ii:	   Is	  the	  step	  correct	  in	  terms	  of	  function?	  
	  
Question	  iii:	   Are	  particular	  errors	  likely?	  If	  so,	  what	  is	  their	  impact	  on	  safety?	  	  
	  
Question	  iv:	   Design	  suggestions	  
• There	  is	  a	  concern	  that	  a	  driver	  might	  make	  a	  turn	  earlier	  than	  the	  one	  suggested	  by	  the	  
device.	  The	  driver	  has	  to	  look	  at	  the	  device	  quite	  frequently	  in	  order	  to	  understand	  when	  
he	   is	   expected	   to	   turn.	   This	   can	   be	   avoided	   by	   offering	   some	  extra	   voice	   instructions,	  
such	  as	  ‘Keep	  going	  ahead’.	  This	  will	  confirm	  to	  the	  driver	  that	  device	  is	  still	  functioning,	  
while	  at	  the	  same	  time	  reducing	  the	  number	  of	  times	  that	  the	  driver	  is	  required	  to	  look	  
at	  the	  display.	  
• Although,	  the	  voice	  instructions	  do	  contain	  some	  details	  about	  the	  distance,	  this	  is	  quite	  
inadequate.	   The	   distance	   is	   continuously	   changing,	   thus	   making	   the	   information	  
obsolete	   even	   before	   the	   completion	   of	   the	  message.	   Also	   it	   is	   quite	   likely,	   especially	  
when	  navigating	   in	  a	  town,	  that	  some	  variations	  might	  occur	   in	  the	  GPS	  precision.	  The	  
voice	  instructions	  could	  be	  complemented	  with	  more	  information	  related	  to	  surrounding	  
environment,	  to	  make	  the	  guidance	  easier.	  For	  instance,	  the	  message	  could	  be	  changed	  
to	   ‘Please	   take	   the	   second	   turn	   to	   the	   right’.	   This	   will	   improve	   the	   interaction	   as	   the	  
driver	   will	   be	   able	   to	   draw	   references	   from	   the	   surrounding	   environment	   and	  match	  
them	  to	  the	  instructions	  received	  by	  the	  device.	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Step	  7	   Turn	  left	  on	  Shoreditch	  High	  Street	  and	  then	  left	  on	  Drysdale	  Street	  
	  
Figure	  Appendix	  XI-­‐11	  Driving	  on	  Shoreditch	  High	  Street	  
Voice	  instruction:	  “At	  the	  end	  of	  the	  road	  turn	  left	  then	  turn	  right”	  
Question	  1:	  Will	  the	  users	  try	  to	  achieve	  the	  right	  effect?	  
Yes	  
Question	  2:	  	  Will	  the	  user	  notice	  the	  correct	  action	  is	  available?	  
Once	   again	   the	   driver	   is	   facing	   a	   mismatch	   between	   the	   voice	   and	   visual	   instructions.	  
According	   to	   the	  voice	   instructions,	   the	  driver	   is	  expected	   to	   turn	   left	   (on	  Shoreditch	  High	  
Street)	  and	  then	  left.	  Unfortunately	  there	  is	  another	  left	  turn	  before	  the	  one	  intended	  by	  the	  
system.	  As	  a	  result,	  if	  the	  driver	  does	  not	  examine	  the	  route	  as	  shown	  on	  the	  display,	  he	  will	  
end	  up	  turning	  left	  on	  a	  cul-­‐de-­‐sac.	  
Question	  3:	  	  Will	  the	  user	  associate	  the	  correct	  action	  with	  the	  effect	  trying	  to	  be	  achieved?	  
Yes	  
	  
Question	  4:	   If	  the	  correct	  action	  is	  performed,	  will	  the	  user	  see	  that	  progress	  is	  being	  made	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Observations	  
Question	  i:	   Are	  experience	  or	  training	  needed?	  
No	  
Question	  ii:	   Is	  the	  step	  correct	  in	  terms	  of	  function?	  
	  
Question	  iii:	   Are	  particular	  errors	  likely?	  If	  so,	  what	  is	  their	  impact	  on	  safety?	  	  
If	   the	  driver	  makes	  a	  wrong	  turn	  as	  discussed	  above,	  he	  will	  end	  up	   in	  a	  cul-­‐de-­‐sac.	  This	   is	  
another	  opportunity	  to	  decrease	  even	  further	  the	  reliability	  of	  the	  device.	  At	  this	  point	  the	  
driver	  will	  repeatedly	  hear	  the	  message	  “Turn	  around	  when	  possible.”	  
	  
Question	  iv:	   Design	  suggestions	  
	  
Question	  v:	   Other	  comments	  
One	  important	  aspect	  that	  seems	  to	  be	  greatly	  disregarded	  by	  the	  system	  is	  the	  signage	  and	  
traffic	   lights	   that	   can	   be	   seen	   by	   the	   drivers.	   The	   system	   seems	   to	   completely	   disregard	  
these	  cues	  during	  the	   interaction.	  The	  system	  does	  not	  even	  display	  the	  name	  of	   the	  road	  
that	   is	  currently	  being	  driven.	  Although	  the	  name	  of	  the	  next	  road	  to	  turn	   into	  appears	  on	  
the	  device,	   it	   is	   lost	  amongst	  the	  rest	  of	  the	   information	   in	  the	  bottom	  of	  the	  display.	  This	  
information	  is	  not	  exploited	  at	  all	  in	  the	  voice	  instructions.	  The	  addition	  of	  road	  names	  in	  the	  
instructions,	  would	  greatly	  improve	  the	  usability,	  as	  it	  would	  re-­‐enforce	  the	  accuracy	  of	  the	  
instructions	  and	  decrease	   the	   time	   required	   to	   look	  at	   the	  device.	  For	  example	  a	  message	  
“After	  300	  yards	  turn	  right”	  could	  be	  changed	  to	  “Please	  take	  the	  2nd	  right	  on	  Austin	  Street.”	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Step	  8	   Cross	  the	  roundabout	  and	  exit	  to	  Club	  Row	  
	  
	  	   	  	  	  
Figure	  Appendix	  XI-­‐12	  Crossing	  a	  roundabout	  
	  
Voice	  instruction:	  “Cross	  the	  roundabout	  third	  exit”	  
	  
Question	  1:	  Will	  the	  users	  try	  to	  achieve	  the	  right	  effect?	  
No.	  The	  voice	  instruction	  is	  incorrect.	  If	  the	  driver	  counted	  the	  exits,	  he	  would	  have	  realised	  
that	  the	  desired	  exit	  is	  the	  fourth	  and	  not	  the	  third.	  The	  voice	  instruction	  is	  incorrect	  and	  the	  
display	   can	   be	   quite	   confusing.	   The	   icons	   shown	   on	   the	   display	   are	   completely	  
incomprehensible.	  At	  this	  point	  it	  would	  be	  better	  for	  the	  driver	  to	  completely	  disregard	  the	  
display	  and	  follow	  solely	  the	  voice	  instructions	  –	  if	  only	  they	  were	  correct.	  The	  information	  
contained	  in	  the	  voice	  instruction	  cannot	  be	  readily	  found	  on	  the	  screen.	  	  Unless	  the	  driver	  
parks	  somewhere	  and	  start	  counting	  the	  roundabout	  roads	  on	  the	  map	  in	  order	  to	  find	  the	  
right	  exit.	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Question	  3:	  	  Will	  the	  user	  associate	  the	  correct	  action	  with	  the	  effect	  trying	  to	  be	  achieved?	  
Possibly	  not.	  The	  driver	  will	  most	  probably	  take	  a	  wrong	  turn.	  
	  
Question	  4:	   If	  the	  correct	  action	  is	  performed,	  will	  the	  user	  see	  that	  progress	  is	  being	  made	  
towards	  solution	  of	  the	  task?	  
The	  same	  situation	  as	  in	  previous	  steps,	  as	  no	  positive	  or	  negative	  feedback	  is	  provided.	  The	  





Question	  i:	   Are	  experience	  or	  training	  needed?	  
no	  
	  
Question	  ii:	   Is	  the	  step	  correct	  in	  terms	  of	  function?	  
	  
Question	  iii:	   Are	  particular	  errors	  likely?	  If	  so,	  what	  is	  their	  impact	  on	  safety?	  	  
• Misguiding	  the	  driver	  by	  providing	   incorrect	   information	   is	  quite	  disastrous.	  At	  this	  
point	   the	  driver	  must	  be	  extremely	  confused	  as	   the	  voice	   instructions	  do	  not	  even	  
match	   the	  display.	   At	   this	   point	   the	  driver	  would	   have	   to	   park	   the	   car	   in	   order	   to	  
understand	  what	  is	  happening.	  A	  quick	  glance	  will	  not	  be	  enough	  to	  resolve	  this.	  
• Getting	   ‘lost’	   in	   a	   roundabout	   is	   quite	   dangerous,	   as	   there	   are	   several	   vehicles,	  
possibly	  on	  both	  sides	  trying	  to	  approach	  their	  desired	  exit.	  At	  this	  point	  the	  driver	  
cannot	   afford	   to	  divert	   focus	  or	   attention	   from	   the	   road	   to	   the	  device	   in	  order	   to	  
find	  the	  correct	  exit.	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• As	  described	  above	   the	  display	   cannot	  offer	   any	   real	   help	   to	   the	  driver.	   The	   voice	  
instruction	  is	  the	  only	  cue	  available	  to	  the	  driver.	  This	  will	  make	  the	  driver	  feel	  quite	  
uneasy,	  as	  there	  is	  no	  clear	  way	  to	  know	  that	  the	  correct	  exit	  is	  reached	  in	  time.	  It	  is	  
possible	  that	  the	  driver	  will	  not	  have	  time	  to	  react,	  when	  the	  device	  issues	  the	  last	  
minute	  instruction	  –	  e.g.,	  ‘Turn	  left’.	  	  
	  
Question	  iv:	   Design	  suggestions	  
In	   order	   to	   solve	   this	   issue	   various	   design	   changes	   can	   be	   introduced.	   The	   turn	   indicators	  
need	   definitely	   to	   be	   improved	   as	   they	   currently	   do	   not	   offer	   any	   help.	   An	   important	  
addition	  would	  be	  the	  direct	  mapping	  of	  some	  physical	   landmark	  or	  sign	   in	  the	  device.	  For	  
example	   if	   the	   exits	   have	   signs,	   the	   verbal	  message	   could	   be	   ‘Cross	   roundabout,	   3rd	   exit,	  
Bethnal	   Green	   Road’.	   This	  will	  make	   it	  much	   easier	   for	   the	   driver	   to	   orientate	  within	   the	  
roundabout.	  It	  would	  also	  be	  extremely	  useful	  to	  the	  driver,	  if	  such	  information	  also	  appears	  
written	   on	   the	   screen.	   As	   you	   can	   see	   from	   the	   figure	   above,	   there	   is	   very	   limited	  
information	   regarding	   the	   names	   of	   streets	   on	   the	   map.	   	   Instead	   of	   the	   ‘next	   motorway	  
indicator’	  the	  driver	  should	  be	  able	  to	  read	  the	  voice	  instruction	  as	  written	  before.	  
	  





	  	   251	  |	  P a g e 	  
Step	  9	   Cross	  Bethnal	  Green	  Road	  and	  turn	  onto	  Whaler	  Road.	  
	  
Figure	  Appendix	  XI-­‐13	  	  Driving	  on	  Bethnal	  Green	  Road	  
Voice	  instruction:	  “Turn	  right	  and	  then	  turn	  left”	  
	  
Question	  1:	  Will	  the	  users	  try	  to	  achieve	  the	  right	  effect?	  
No.	  Once	   again	   the	  driver	   is	   facing	   a	  mismatch	  between	   the	   voice	   and	   visual	   instructions.	  
According	  to	  the	  voice	  instructions,	  the	  driver	  turns	  right	  (on	  Bethnal	  Green	  Road)	  and	  then	  
left	  (on	  Sclater	  Street).	  Unfortunately	  there	  is	  another	  left	  turn	  before	  the	  one	  intended	  by	  
the	  system.	  As	  a	  result,	  if	  the	  driver	  does	  not	  examine	  the	  route	  as	  shown	  on	  the	  display,	  he	  
will	  end	  up	  turning	  left	  on	  the	  wrong	  road.	  
	  
Question	  2:	  	  Will	  the	  user	  notice	  the	  correct	  action	  is	  available?	  
Only	  if	  the	  user	  examines	  closely	  the	  map.	  The	  turn	  indicators	  are	  not	  very	  much	  help	  either.	  	  
	  
Question	  3:	  	  Will	  the	  user	  associate	  the	  correct	  action	  with	  the	  effect	  trying	  to	  be	  achieved?	  
As	  above.	  
	  
Question	  4:	   If	  the	  correct	  action	  is	  performed,	  will	  the	  user	  see	  that	  progress	  is	  being	  made	  
towards	  solution	  of	  the	  task?	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Question	  i:	   Are	  experience	  or	  training	  needed?	  
no	  
Question	  ii:	   Is	  the	  step	  correct	  in	  terms	  of	  function?	  
	  
Question	  iii:	   Are	  particular	  errors	  likely?	  If	  so,	  what	  is	  their	  impact	  on	  safety?	  	  
As	  discussed	   in	   the	  previous	   steps,	   the	  system	  once	  again	  provides	   inaccurate	   information	  
for	  correct	  navigation.	  These	  systems	  are	  supposed	  to	  be	  mainly	  exploiting	  voice	  instruction	  
during	  their	  use,	  in	  order	  to	  minimise	  the	  time	  that	  a	  driver	  needs	  to	  look	  at	  the	  display.	  It	  is	  
apparent	   that	   in	   many	   of	   the	   steps,	   the	   driver	   will	   not	   be	   able	   to	   navigate	   successfully	  
though	   without	   spending	   a	   substantial	   amount	   of	   time	   distracted	   from	   the	   road.	   This	  
situation	  is	  dangerous!	  
	  
Question	  iv:	   Design	  suggestions	  
	  




Question	  i:	   Are	  experience	  or	  training	  needed?	  
no	  
Question	  ii:	   Is	  the	  step	  correct	  in	  terms	  of	  function?	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Question	  iii:	   Are	  particular	  errors	  likely?	  If	  so,	  what	  is	  their	  impact	  on	  safety?	  	  
Question	  iv:	   Design	  suggestions	  
Question	  v:	   Other	  comments	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Appendix	  XII. Extract	  from	  Design	  Criteria	  Analysis	  
Task	  1	  	  
You	  are	  now	  ready	  to	  pick	  up	  the	  food	  from	  Aldgate.	  Your	  colleagues	  have	  already	  done	  all	  
the	  shopping	  for	  you	  and	  they	  are	  waiting	  by	  the	  Aldgate	  underground.	  
	  
-­‐-­‐>	  Follow	  the	  TomTom	  instructions	  to	  Aldgate	  underground	  station.	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Step	  1	   Start	  driving	  according	  to	  the	  instructions	  provided	  by	  the	  device	  
	  
Figure	  Appendix	  XII-­‐14	  	  Starting	  navigation	  
Voice	  instruction:	  none	  
(DC	  2	  &	  17)	  There	  is	  more	  information	  than	  needed	  on	  the	  screen.	  The	  user	  will	  struggle	  to	  
identify	   the	   required	   information	   and	   associated	   action	   during	   the	   interaction	   with	   the	  
device.	  
	  	  
(DC	  13,	  20	  &	  37)	  At	  this	  point	  the	  system	  does	  not	  tell	  the	  driver	  what	  is	  required	  to	  be	  done.	  
The	  system	  does	  not	  issue	  a	  voice	  instruction,	  and	  the	  user	  is	  not	  certain	  what	  is	  expected	  to	  
be	  done.	  
	  
(DC	  49)	  There	  are	  several	  digital	  displays	  expressing	  time	  and	  distance	  to	  the	  destination.	  
	  
(DC	   54)	  Various	  pieces	  of	   information	  do	  not	   carry	  appropriate	   labels;	  as	  a	   result	   the	  user	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Step	  2	   Drive	  on	  Roman	  Road	  and	  cross	  the	  junction	  to	  continue	  on	  Bethnal	  Green	  Road	  
	  
Figure	  Appendix	  XII-­‐15	  	  	  Crossing	  the	  road	  
	  
(DC	  2	  &	  17)	  There	  is	  more	  information	  than	  needed	  on	  the	  screen.	  The	  user	  will	  struggle	  to	  
identify	   the	   required	   information	   and	   associated	   action	   during	   the	   interaction	   with	   the	  
device.	  
	  	  
(DC	  20	  &	  37)	  There	  is	  not	  enough	  information	  by	  the	  device	  on	  what	  as	  it	  expects	  the	  driver	  
to	  do.	  
	  (DC	  49)	  There	  is	  a	  set	  of	  digital	  displays	  
	  (DC	  13,	  20	  &	  37)	  Once	  the	  car	   is	  moving	  there	   is	  no	  voice	   instruction.	  As	  a	  result	  the	  user	  
relies	  on	   the	  display	   for	   instructions.	  Although	   the	  map	   indicates	   going	   straight	   –	   crossing	  
the	  road	  –	  the	  turn	  indicator	  instructs	  a	  right	  turn.	  This	  is	  a	  definite	  source	  of	  confusion.	  
	  (DC	  54)	  Various	  pieces	  of	   information	  do	  not	  carry	  appropriate	   labels;	  as	  a	  result	   the	  user	  
can	  not	  easily	  interpret	  their	  meaning.	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Step	  3	   Turn	  right	  on	  Rushmead	  Road	  
	  
	  
Figure	  Appendix	  XII-­‐16	  	  Turn	  left	  or	  right	  
Voice	  instruction:	  “Turn	  right	  then	  at	  the	  end	  of	  the	  road	  turn	  left”	  
	  (DC	  2	  &	  17)	  There	  is	  more	  information	  than	  needed	  on	  the	  screen	  –	  information	  overload.	  
The	  user	  will	  struggle	  to	  identify	  the	  required	  information	  and	  associated	  action	  during	  the	  
interaction	  with	  the	  device.	  
The	  voice	   instruction	  should	  be	  simpler	  and	  not	  contain	  extraneous	   information,	  when	  the	  
user	  is	  about	  to	  make	  a	  turn,	  as	  it	  might	  easily	  create	  confusion.	  Additional	  information,	  such	  
as	  future	  turns	  should	  only	  be	  provided	  to	  the	  user	  during	  non-­‐critical	  periods.	  
	  (DC	  51)	  The	  design	  should	  promote	  the	  better	  integration	  of	  the	  device	  to	  the	  environment	  
of	  the	  user.	  For	  example	  the	  voice	  instructions	  could	  contain	  the	  name	  of	  the	  road	  that	  the	  
driver	  is	  expected	  to	  turn	  to.	  
	  (DC	  49)	  There	  is	  a	  set	  of	  digital	  displays.	  
	  (DC	  54)	  Various	  pieces	  of	   information	  do	  not	  carry	  appropriate	   labels;	  as	  a	  result	   the	  user	  
cannot	  easily	  interpret	  their	  meaning.	  
	  (DC	  50)	  The	  multiple	  arrows	  are	  difficult	  to	  be	  understood	  by	  the	  user;	  especially	  as	  the	  user	  
is	  only	  assumed	  to	  give	  brief	  glimpses	  to	  the	  display.	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Step	  4	   Continue	  straight	  on	  ‘Florida	  Street’	  until	  you	  reach	  the	  end	  of	  the	  road	  
	  
Figure	  Appendix	  XII-­‐17	  	  	  Turn	  right	  on	  Florida	  Street	  
Voice	  instruction:	  “After	  100	  yards	  turn	  left	  then	  at	  the	  end	  of	  the	  road	  turn	  right”	  
	  (DC	  2	  &	  17)	  There	  is	  more	  information	  than	  needed	  on	  the	  screen	  –	  information	  overload.	  
The	  user	  will	  struggle	  to	  identify	  the	  required	  information	  and	  associated	  action	  during	  the	  
interaction	  with	  the	  device.	  
The	  voice	   instruction	  should	  be	  simpler	  and	  not	  contain	  extraneous	   information,	  when	  the	  
user	  is	  about	  to	  make	  a	  turn,	  as	  it	  might	  easily	  create	  confusion.	  Additional	  information,	  such	  
as	  future	  turns	  should	  only	  be	  provided	  to	  the	  user	  during	  non-­‐critical	  periods.	  
	  (DC	   50)	   The	   information	   provided	   in	   between	   the	   map	   and	   the	   voice	   instructions	   are	  
conflicting	  and	  a	  potential	  source	  of	  confusion	  for	  the	  user.	  
	  (DC	  51)	  The	  design	  should	  promote	  the	  better	  integration	  of	  the	  device	  to	  the	  environment	  
of	  the	  user.	  For	  example	  the	  voice	  instructions	  could	  contain	  the	  name	  of	  the	  road	  that	  the	  
driver	  is	  expected	  to	  turn	  to.	  
	  (DC	  49)	  There	  is	  a	  set	  of	  digital	  displays.	  
	  (DC	  54)	  Various	  pieces	  of	   information	  do	  not	  carry	  appropriate	   labels;	  as	  a	  result	   the	  user	  
cannot	  easily	  interpret	  their	  meaning.	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Step	  5	   Continue	  straight	  on	  ‘Florida	  Street’	  until	  you	  reach	  the	  end	  of	  the	  road	  
	  
Figure	  Appendix	  XII-­‐18	  	  Turn	  left	  on	  Columbia	  Street	  
Voice	  instruction:	  “At	  the	  end	  of	  the	  road	  turn	  left”	  
	  (DC	  2	  &	  17)	  There	  is	  more	  information	  than	  needed	  on	  the	  screen	  –	  information	  overload.	  
The	  user	  will	  struggle	  to	  identify	  the	  required	  information	  and	  associated	  action	  during	  the	  
interaction	  with	  the	  device.	  
The	  voice	   instruction	  should	  be	  simpler	  and	  not	  contain	  extraneous	   information,	  when	  the	  
user	  is	  about	  to	  make	  a	  turn,	  as	  it	  might	  easily	  create	  confusion.	  Additional	  information,	  such	  
as	  future	  turns	  should	  only	  be	  provided	  to	  the	  user	  during	  non-­‐critical	  periods.	  
	  (DC	   50)	   The	   information	   provided	   in	   between	   the	   environment,	   the	   map	   and	   the	   voice	  
instructions	  are	  conflicting	  and	  a	  potential	  source	  of	  confusion	  for	  the	  user.	  The	  user	  clearly	  
needs	  to	  make	  a	  right	  turn	  at	  the	  end	  of	  the	  current	  road	  (Florida	  Road)	  before	  making	  the	  
left	  turn	  as	  indicated	  by	  the	  device.	  
	  (DC	  51)	  The	  design	  should	  promote	  the	  better	  integration	  of	  the	  device	  to	  the	  environment	  
of	  the	  user.	  For	  example	  the	  voice	  instructions	  could	  contain	  the	  name	  of	  the	  road	  that	  the	  
driver	  is	  expected	  to	  turn	  to.	  
	  (DC	  49)	  There	  is	  a	  set	  of	  digital	  displays.	  
	  (DC	  54)	  Various	  pieces	  of	   information	  do	  not	  carry	  appropriate	   labels;	  as	  a	  result	   the	  user	  
cannot	  easily	  interpret	  their	  meaning.	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(DC	  13,	  20	  &	  37)	  The	  information	  provided	  as	  voice	  instructions	  is	  not	  available	  to	  the	  user	  
via	  the	  display	  of	  the	  navigation	  device.	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Step	  6	   Cross	  Hackney	  Road	  to	  reach	  Waterson	  Road	  
	  
Figure	  Appendix	  XII-­‐19	  	  	  Turn	  right	  on	  Hackney	  Road	  
Voice	  instruction:	  “After	  300	  yards	  turn	  right	  then	  turn	  left”	  
	  (DC	  2	  &	  17)	  There	  is	  more	  information	  than	  needed	  on	  the	  screen	  –	  information	  overload.	  
The	  user	  will	  struggle	  to	  identify	  the	  required	  information	  and	  associated	  action	  during	  the	  
interaction	  with	  the	  device.	  
The	  voice	   instruction	  should	  be	  simpler	  and	  not	  contain	  extraneous	   information,	  when	  the	  
user	  is	  about	  to	  make	  a	  turn,	  as	  it	  might	  easily	  create	  confusion.	  Additional	  information,	  such	  
as	  future	  turns	  should	  only	  be	  provided	  to	  the	  user	  during	  non-­‐critical	  periods.	  	  
	  (DC	  45)	   Providing	   timely	   information	   to	   the	  user	   is	   crucial	   as	   the	  user	  might	  make	  wrong	  
turns,	  because	  of	  delay	  /	  too	  soon	  instructions.	  
	  (DC	  51)	  The	  design	  should	  promote	  the	  better	  integration	  of	  the	  device	  to	  the	  environment	  
of	  the	  user.	  For	  example	  the	  voice	  instructions	  could	  contain	  the	  name	  of	  the	  road	  that	  the	  
driver	  is	  expected	  to	  turn	  to.	  
	  (DC	  49)	  There	  is	  a	  set	  of	  digital	  displays.	  
	  (DC	  54)	  Various	  pieces	  of	   information	  do	  not	  carry	  appropriate	   labels;	  as	  a	  result	   the	  user	  
cannot	  easily	  interpret	  their	  meaning.	  
	  (DC	   37)	   The	   system	   should	   provide	  more	   positive	   feedback	   to	   the	   user,	   e.g.,	   ‘Keep	   going	  
ahead’.	   Continuous	   feedback	   especially	   when	   lots	   of	   turns	   are	   available	   to	   the	   user	   is	  
important;	  alternatively	  the	  users	  might	  resort	  to	  more	  frequently	  looking	  at	  the	  device	  and	  
wondering	  if	  the	  system	  is	  still	  operational.	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Step	  7	   Turn	  left	  on	  Shoreditch	  High	  Street	  and	  then	  left	  on	  Drysdale	  Street	  
	  
Figure	  Appendix	  XII-­‐20	  	  	  Driving	  on	  Shoreditch	  High	  Street	  	  
Voice	  instruction:	  “At	  the	  end	  of	  the	  road	  turn	  left	  then	  turn	  left”	  
	  (DC	  2	  &	  17)	  There	  is	  more	  information	  than	  needed	  on	  the	  screen	  –	  information	  overload.	  
The	  user	  will	  struggle	  to	  identify	  the	  required	  information	  and	  associated	  action	  during	  the	  
interaction	   with	   the	   device.	   Nevertheless	   this	   screen	   appears	   to	   be	   less	   cluttered	   than	  
previous	  ones.	  
The	  voice	   instruction	  should	  be	  simpler	  and	  not	  contain	  extraneous	   information,	  when	  the	  
user	  is	  about	  to	  make	  a	  turn,	  as	  it	  might	  easily	  create	  confusion.	  Additional	  information,	  such	  
as	  future	  turns	  should	  only	  be	  provided	  to	  the	  user	  during	  non-­‐critical	  periods.	  	  
	  (DC	  45)	   Providing	   timely	   information	   to	   the	  user	   is	   crucial	   as	   the	  user	  might	  make	  wrong	  
turns,	  because	  of	  delay	  /	  too	  soon	  instructions.	  
	  (DC	  51)	  The	  design	  should	  promote	  the	  better	  integration	  of	  the	  device	  to	  the	  environment	  
of	  the	  user.	  For	  example	  the	  voice	  instructions	  could	  contain	  the	  name	  of	  the	  road	  that	  the	  
driver	  is	  expected	  to	  turn	  to.	  
	  (DC	  49)	  There	  is	  a	  set	  of	  digital	  displays.	  
	  (DC	  54)	  Various	  pieces	  of	   information	  do	  not	  carry	  appropriate	   labels;	  as	  a	  result	   the	  user	  
cannot	  easily	  interpret	  their	  meaning.	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Step	  8	   Cross	  the	  roundabout	  and	  exit	  to	  Club	  Row	  
	  	   	  	  	  
Figure	  Appendix	  XII-­‐21	  	  Crossing	  a	  roundabout	  
Voice	  instruction:	  “Cross	  the	  roundabout	  third	  exit”	  
	  (DC	  2	  &	  17)	  There	  is	  more	  information	  than	  needed	  on	  the	  screen	  –	  information	  overload.	  
The	  user	  will	  struggle	  to	  identify	  the	  required	  information	  and	  associated	  action	  during	  the	  
interaction	   with	   the	   device.	   Nevertheless	   this	   screen	   appears	   to	   be	   less	   cluttered	   than	  
previous	  ones.	  
The	  voice	   instruction	  should	  be	  simpler	  and	  not	  contain	  extraneous	   information,	  when	  the	  
user	  is	  about	  to	  make	  a	  turn,	  as	  it	  might	  easily	  create	  confusion.	  Additional	  information,	  such	  
as	  future	  turns	  should	  only	  be	  provided	  to	  the	  user	  during	  non-­‐critical	  periods.	  	  
	  (DC	  45)	   Providing	   timely	   information	   to	   the	  user	   is	   crucial	   as	   the	  user	  might	  make	  wrong	  
turns,	  because	  of	  delay	  /	  too	  soon	  instructions.	  
	  (DC	  51)	  The	  design	  should	  promote	  the	  better	  integration	  of	  the	  device	  to	  the	  environment	  
of	  the	  user.	  For	  example	  the	  voice	  instructions	  could	  contain	  the	  name	  of	  the	  road	  that	  the	  
driver	  is	  expected	  to	  turn	  to.	  
	  (DC	  49)	  There	  is	  a	  set	  of	  digital	  displays.	  
	  (DC	  54)	  Various	  pieces	  of	   information	  do	  not	  carry	  appropriate	   labels;	  as	  a	  result	   the	  user	  
cannot	  easily	  interpret	  their	  meaning.	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(DC	  2,	  12	  &	  13)	  In	  this	  step	  the	  system	  can	  easily	  confuse	  the	  user.	  The	  voice	  instruction	  is	  
not	  precise,	  as	  ‘Club	  row’	  is	  the	  4th	  exit	  in	  the	  roundabout	  and	  not	  the	  3rd.	  Most	  definitely	  the	  
users	  would	  count	  the	  total	  number	  of	  roads	  present	  and	  not	  just	  the	  available	  ones.	  
Moreover	   the	   information	   contained	   in	   the	   voice	  message	   is	   not	   readily	   available	   on	   the	  
screen	  –	  unless	  the	  user	  is	  expected	  to	  concentrate	  attention	  on	  the	  map	  and	  start	  counting	  
roads.	  	  
	  
(DC	  50)	  Finally,	  the	  multiple	  arrows	  are	  difficult	  to	  be	  understood	  by	  the	  user;	  especially	  as	  
the	  user	  is	  only	  assumed	  to	  give	  brief	  glimpses	  to	  the	  display	  –	  especially	  since	  they	  are	  very	  
difficult	  to	  understand	  in	  any	  case.	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Step	  9	   Cross	  Bethnal	  Green	  Road	  and	  turn	  onto	  Whaler	  Road.	  
	  
	  
Figure	  Appendix	  XII-­‐22	  	  Driving	  on	  Bethnal	  Green	  Road	  
Voice	  instruction:	  “Turn	  right	  and	  then	  turn	  left”	  
	  
(DC	  2	  &	  17)	  There	   is	  more	   information	  than	  needed	  on	  the	  screen	  –	   information	  overload.	  
The	  user	  will	  struggle	  to	  identify	  the	  required	  information	  and	  associated	  action	  during	  the	  
interaction	   with	   the	   device.	   Nevertheless	   this	   screen	   appears	   to	   be	   less	   cluttered	   than	  
previous	  ones.	  
The	  voice	   instruction	  should	  be	  simpler	  and	  not	  contain	  extraneous	   information,	  when	  the	  
user	  is	  about	  to	  make	  a	  turn,	  as	  it	  might	  easily	  create	  confusion.	  Additional	  information,	  such	  
as	  future	  turns	  should	  only	  be	  provided	  to	  the	  user	  during	  non-­‐critical	  periods.	  	  
	  
(DC	   45)	   Providing	   timely	   information	   to	   the	   user	   is	   crucial	   as	   the	   user	  might	  make	  wrong	  
turns,	  because	  of	  delay	  /	  too	  soon	  instructions.	  
	  
(DC	  51)	  The	  design	  should	  promote	  the	  better	  integration	  of	  the	  device	  to	  the	  environment	  
of	  the	  user.	  For	  example	  the	  voice	  instructions	  could	  contain	  the	  name	  of	  the	  road	  that	  the	  
driver	  is	  expected	  to	  turn	  into.	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(DC	  49)	  There	  is	  a	  set	  of	  digital	  displays.	  
	  
(DC	  54)	  Various	  pieces	  of	   information	  do	  not	   carry	  appropriate	   labels;	  as	  a	   result	   the	  user	  
cannot	  easily	  interpret	  their	  meaning.	  
	  
(DC	   2,	   12	   &	   13)	   In	   this	   step	   the	   user	   can	   quite	   easily	   take	   the	   incorrect	   turn,	   as	   the	   2nd	  
instruction	  can	  lead	  the	  user	  to	  taking	  an	  earlier	  turn	  than	  intended.	  
	  
(DC	  50)	  Finally,	  the	  multiple	  arrows	  are	  difficult	  to	  be	  understood	  by	  the	  user;	  especially	  as	  
the	  user	  is	  only	  assumed	  to	  give	  brief	  glimpses	  to	  the	  display	  –	  especially	  since	  they	  are	  very	  
difficult	  to	  understand	  in	  any	  case.	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Step	  10	  Cross	  Bethnal	  Green	  Road	  and	  turn	  onto	  Whaler	  Road.	  
	  
Figure	  Appendix	  XII-­‐23	  	  	  Turn	  left	  on	  Botolph	  Road	  
	  
Voice	  instruction:	  “Turn	  left	  and	  then	  bear	  right”	  
	  
	  (DC	  2	  &	  17)	  There	  is	  more	  information	  than	  needed	  on	  the	  screen	  –	  information	  overload.	  
The	  user	  will	  struggle	  to	  identify	  the	  required	  information	  and	  associated	  action	  during	  the	  
interaction	   with	   the	   device.	   Nevertheless	   this	   screen	   appears	   to	   be	   less	   cluttered	   than	  
previous	  ones.	  
The	  voice	   instruction	  should	  be	  simpler	  and	  not	  contain	  extraneous	   information,	  when	  the	  
user	  is	  about	  to	  make	  a	  turn,	  as	  it	  might	  easily	  create	  confusion.	  Additional	  information,	  such	  
as	  future	  turns	  should	  only	  be	  provided	  to	  the	  user	  during	  non-­‐critical	  periods.	  	  
	  
(DC	   45)	   Providing	   timely	   information	   to	   the	   user	   is	   crucial	   as	   the	   user	  might	  make	  wrong	  
turns,	  because	  of	  delay	  /	  too	  soon	  instructions.	  
	  
(DC	  51)	  The	  design	  should	  promote	  the	  better	  integration	  of	  the	  device	  to	  the	  environment	  
of	  the	  user.	  For	  example	  the	  voice	  instructions	  could	  contain	  the	  name	  of	  the	  road	  that	  the	  
driver	  is	  expected	  to	  turn	  to.	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(DC	  49)	  There	  is	  a	  set	  of	  digital	  displays.	  
	  
(DC	  54)	  Various	  pieces	  of	   information	  do	  not	   carry	  appropriate	   labels;	  as	  a	   result	   the	  user	  
cannot	  easily	  interpret	  their	  meaning.	  
	  
(DC	  2,	  12	  &	  13)	  Another	  confusing	  instruction	  is	   issued	  by	  the	  system.	  The	  user	   is	  asked	  to	  
turn	   left,	   where	   it	   is	   only	   required	   to	   bear	   left	   and	   keep	   going	   straight.	   Such	   instructions	  
keep	  confusing	  the	  user	  and	  decrease	  the	  reliability	  and	  trust	  in	  the	  device.	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Appendix	  XIII. Extract	  from	  UAN	  Analysis	  
Task	  1	  	  
Task	  description:	  Program	  the	  device	  to	  reach	  the	  city	  centre	  of	  Leeds.	  
Task	  1.1:	  Go	  to	  menu	  
	  
Figure	  Appendix	  XIII-­‐24	  	  	  	  Main	  screen	  
Task:	  Go	  to	  menu	  	  
User	  Actions	   Interface	  Feedback	   Interface	  State	   Connection	   to	  
Computation	  
(~[map]	  Mv	   Map!!	   	   	  
M^)	   Map	  -­‐!!	   	   go	  to	  menu	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Task	  1.2:	  Select	  ‘city	  centre’	  
	   	   	  
Figure	  Appendix	  XIII-­‐25	  	  	  	  Select	  city	  centre	  
Task:	  Select	  city	  centre	  
User	  Actions	   Interface	  Feedback	  	   Interface	  State	   Connection	   to	  
Computation	  
~[Navigate	  to]Mv	   [Navigate	  to]!	   	   	  
M^	   [Navigate	  to]-­‐!	   	   Go	   to	   [Navigate	   to]	  
menu	  
~	   ([next_arrow’-­‐!])	   *	  
Mv	  
next_	  arrow’!	   	   	  
M^	   	   	   Go	  to	  next	  menu	  page	  
~	  ([City	  centre-­‐!])	  Mv	   [City	  centre]!	   	   	  
M^	   [City	  centre]-­‐!	   	   Go	   to	   city	   centre	  
menu	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8.3.1 Task	  1.3:	  Search	  for	  ‘Leeds’	  
	  
	  	  	  	  	   	  	   	  
Figure	  Appendix	  XIII-­‐26	  	  	  City	  centre	  search	  
	  
Task:	  Search	  for	  Leeds	  
User	  Actions	   Interface	  Feedback	   Interface	  State	   Connection	   to	  
Computation	  
~	  {	  [letter’]	  }	  Mv	   letter’!	   key	  selected	  =	  letter’	   put	  letter’	  in	  field	  
M^	   letter’-­‐!	   key	  selected	  =	  null	   	  
~[list_up]	  Mv	   list_up	  !	   	   scroll	  up	  list	  
M^	   list_up	  -­‐!	  
redisplay(list)	  
change	  list	  of	  items	   	  
~[list_down]	  Mv	   list_down	  !	   	   scroll	  down	  list	  
M^	   list_down	  -­‐!	  
redisplay(list)	  
change	  list	  of	  items	   	  
~[delete]	   Delete!	   key	  selected	  =	  delete	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M^	   Delete-­‐!	   key	  selected	  =	  null	   delete	   last	   letter	   in	  
field	  
~[list_item’-­‐!]	  Mv	   list_item’	  !	   item	   selected	   =	  
list_item’	  
update	   display	   and	  
item	  =	  list_item’	  
~[list_item’-­‐!]	  Mv	   list_item’	  !	   selected	  =	  list_item’	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  Task	  1.4:	  Review	  map	  and	  continue	  
	  	  	  	  	  	  	   	  
Figure	  Appendix	  XIII-­‐27	  	  	  	  Route	  generation	  
Task:	  Review	  map	  &	  continue	  
Select	  Done	  
|	  Click	  on	  map	  
	  
	  
Task:	  Review	  map	  &	  continue	  
User	  Actions	   Interface	  Feedback	   Interface	  State	   Connection	   to	  
Computation	  
~	  [Done]	  Mv	   Done!	   	   	  
M^	   Done-­‐!	   	   Go	   to	   navigation	  
screen	  
~[map]	  Mv	   Map	  !!	   	   	  
M^	   map-­‐!!	   	   Go	   to	   navigation	  
screen	  
	   	  
Appendix	  XIII	  
	  	   274	  |	  P a g e 	  
Task	  2	  






NG1	  6AF	  	  
8.3.2 Task	  2.1:	  Go	  to	  menu	  
	  
	  
Figure	  Appendix	  XIII-­‐28	  	  	  Main	  navigation	  screen	  
Task:	  Go	  to	  menu	  	  
User	  Actions	   Interface	  Feedback	   Interface	  State	   Connection	   to	  
Computation	  
(~[map]	  Mv	   Map!!	   	   	  
M^)	   Map	  -­‐!!	   	   go	  to	  menu	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Task	  2.1a:	  Enter	  waypoint	  
	  	  
	  	   	   	  	   	  
Figure	  Appendix	  XIII-­‐29	  	  	  Enter	  a	  waypoint	  
Task:	  Enter	  waypoint	  
Enter	  address	  
|	  enter	  post	  code	  
Task	  2.1b:	  Enter	  address	  
	  
Task:	  Enter	  address	  
	  
Locate	  address	  menu	  
Text	  search	  (city)	  
Text	  search	  (street)	  
Enter	  street	  number	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Task:	  Locate	  address	  menu	  




Find	  alternative!	   	   	  
M^	   Find	  alternative-­‐!	   	   Go	   to	   [Find	  
alternative]	  menu	  
~[Travel	  via]Mv	   Travel	  via!	   	   	  
M^	   Travel	  via-­‐!	   	   Go	   to	   [Travel	   via]	  
menu	  
~	  ([Address-­‐!])	  Mv	   Address!	   	   	  
M^	   Address-­‐!	   	   Go	  to	  [Address]	  menu	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Figure	  Appendix	  XIII-­‐30	  	  Enter	  address	  
	  
Task:	  Enter	  street	  number	  
User	  Actions	   Interface	  Feedback	  	   Interface	  State	   Connection	   to	  
Computation	  
~	  {[crossing]}	  	  	  Mv	   crossing!	   	   	  
M^	   crossing-­‐!	   	   Go	  to	  crossings	  screen	  
	  
&~	  [number’]*	  	  Mv	   number’!	   key	   selected	   =	  
number’	  
put	  number’in	  field	  
M^	   number’-­‐!	   key	  selected	  =	  null	   	  
~	  [Done]	  	  	  Mv	   Done!	   	   	  
M^	   Done-­‐!	   	   If	   field	   isNull	   then	   go	   to	  
Crossings	   screen,	   else	  
select	   number	   =	   field	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Task:	  Text	  search	  (info)	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  -­‐-­‐-­‐	  Pattern	  
User	  Actions	   Interface	  Feedback	  	   Interface	  State	   Connection	   to	  
Computation	  
~	  [letter’]*	  	  Mv	   letter’!	   key	  selected	  =	  letter’	   put	  letter’	  in	  field	  
M^	   letter’-­‐!	   key	  selected	  =	  null	   	  
~[list_up]*	  Mv	   list_up	  !	   	   scroll	  up	  list	  
M^	   list_up	  -­‐!	  
redisplay(list)	  
change	  list	  of	  items	   	  
~[list_down]*	  Mv	   list_down	  !	   	   scroll	  down	  list	  
M^	   list_down	  -­‐!	  
redisplay(list)	  
change	  list	  of	  items	   	  
~[delete]*	   Delete!	   key	  selected	  =	  delete	   	  
M^	   Delete-­‐!	   key	  selected	  =	  null	   delete	   last	   letter	   in	  
field	  
~[list_item’]	  Mv	   list_item’	  !	   selected	  =	  list_item’	   	  
M^	   	   	   Selected	   info	   =	  
selected	  item	  
go	  to	  next	  screen	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Task	  2.2:	  Enter	  postcode	  
	  
	  	  	  	   	  
Figure	  Appendix	  XIII-­‐31	  	  	  Enter	  postcode	  
	  	  
	  
Task:	  Enter	  postcode	  
	  
Locate	  address	  menu	  
Text	  search	  (postcode)	  
Enter	  street	  number	  
	  
Task:	  Locate	  postcode	  menu	  
User	  Actions	   Interface	  Feedback	  	   Interface	  State	   Connection	   to	  
Computation	  
~[	   Find	  
alternative]Mv	  
Find	  alternative!	   	   	  
M^	   Find	  alternative-­‐!	   	   Go	   to	   [Find	  
alternative]	  menu	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~[Travel	  via]Mv	   Travel	  via!	   	   	  
M^	   Travel	  via-­‐!	   	   Go	   to	   [Travel	   via]	  
menu	  
~	   ([next_arrow’])+	  
Mv	  
next_	  arrow’!	   	   	  
M^	   next_	  arrow’-­‐!	   	   Go	  to	  next	  menu	  page	  
~	  ([postcode-­‐!])	  Mv	   postcode!	   	   	  
M^	   postcode	  -­‐!	   	   Go	   to	   [postcode]	  
menu	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Task:	  Enter	  street	  number	  
User	  Actions	   Interface	  Feedback	  	   Interface	  State	   Connection	   to	  
Computation	  
&~	  [number’]*	  	  Mv	   number’!	   key	   selected	   =	  
number’	  
put	  number’in	  field	  
M^	   number’-­‐!	   key	  selected	  =	  null	   	  
~	  [Done]	  	  	  Mv	   Done!	   	   	  
ßM^	   Done-­‐!	   	   If	   field	   isNull	   then	  
number	   =	   default	   else	  
selected	   number	   =	   field	  
number;	   go	   to	   map	  
screen	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  Task	  2.3:	  Review	  map	  and	  continue	  
	  	  	  	  	  	  	   	  
Figure	  Appendix	  XIII-­‐32	  	  	  Route	  generation	  
Task:	  Review	  map	  &	  continue	  
Select	  Done	  
|	  Click	  on	  map	  
	  
Task:	  Review	  map	  &	  continue	  
User	  Actions	   Interface	  Feedback	   Interface	  State	   Connection	   to	  
Computation	  
~	  [Done]	  Mv	   Done!	   	   	  
M^	   Done-­‐!	   	   Go	   to	   navigation	  
screen	  
~[map]	  Mv	   Map	  !!	   	   	  
M^	   map-­‐!!	   	   Go	   to	   navigation	  
screen	  
	  
